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Crystal Filter et 
Type 44F ' Crystal Discriminator 


Type WB 


>» 


for FM Reception by 





Through the use of Piezoelectric resonators, filters are 
now available with extremely high selectivity at frequencies 
which eliminate the need for multiple conversions in VHF 
and UHF f-m receivers. The low insertion loss, linear trans- 
fer characteristic and non-microphonic quality of these 
filters permit their location at any point of low signal level 
such as between the mixer and the i-f amplifier. Using the 
Hycon Eastern Crystal Discriminatgr, Type WB, in com- 
bination with Crystal Filter Type 44F completely eliminates 
the need for any lower intermediate/frequency. These filters 
can be produced on short notice in/large or small quantities 
to meet exact performance requigements. 


Write for Crystal Falter Bulletin 















® SMALL SIZE 
© HIGH SELECTIVITY 
® LOW INSERTION LOS 
© OPERATING TEMPERAQURE: —55°C. TO + 85°C. 
© EXTREME STABILITY WITH VARIATIONS IN TEMPERATURE. 
FREQUENCY SHIFT LES§ THAN +.005% TOTAL FROM 
—55°C. TO +85°C. 
®@ NON-MICROPHONIC 
© UNAFFECTED BY IMPE 
ENCOUNTERED IN TRAMSISTOR CIRCUITS 
© WORKS DIRECTLY TUB§-TO-TUBE OR TRANSISTOR-TO- 
TRANSISTOR WITH NO /PADDING 
© HERMETICALLY SEALED,/NO ALIGNMENT OR 
READJUSTMENT NECESSARY 
@ VIBRATION AND SHOCH PER MIL-E-5422 


ICE VARIATIONS COMMONLY 
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ss i . 3 KC from 13 MC 


We invite your inquiry for any Crystal Filter 
application in the 10 KC to 20 MC Range 


HYCON EASTERN, INC. 








COMMUNICATION FILTER DIVISION 


1360 Soldiers Field Road Dept. H-4 Boston 35, Massachusetts 
Affiliated with HYCON MFG. COMPANY, Pasadena, California 
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Looking up inside one of two C-E Boilers at Piarenza Power Station of Italian Edison Company 


rne camera sees n ANFOINO 


That’s right! The tiny white spot you see in the center of the picture 
is a water-cooled window through which a television camera has a 
bird’s eye view of the eight-story-high inferno raging in this C-E 
Utility Boiler. 

A screen in the control room of the power station shows the 
operator what the camera sees, giving him invaluable information on 
flame conditions, combustion stability, etc. 

For drama in a boiler, there’s no better show “on camera” than 
that put on by those remarkable performers—one in each of the 
four corners of the furnace—aptly named TV Burners. For these 
Tangential Vertically adjustable burners—exclusive development of 
Combustion Engineering —create a literal cyclone of flame. The four 
flame streams—blasting into each other with tremendous impact— 
result in thorough mixing of fuel and air in the shortest possible time; 
thus effecting rapid and complete combustion, whether the fuel is 
pulverized coal, oil or gas. 

Furthermore, this inferno moves up and down automatically to 
maintain the uniform steam temperature so important to peak turbine 
performance. 

While the C-E “TV” Burner is “on stage” only in large power 


CoM BUSTION stations, it typifies the many major advances in fuel burning and 


steam generation pioneered by Combustion. These advances mean top 


i= Pal G t re Ee e€ rR i i fe performance in any boiler, large or small, that bears the Combustion 


nameplate. B-811 





Corner of furnace showing 
ene of four C-E Tilting 
Burners (Type TV) for firing 
pulverized coal, oil or gas, 
separately or in combination. 


Combustion Engineering Building 
200 Madison Avenue, New York 16, N.Y. 


BOILERS, FUEL BURNING & RELATED EQUIPMENT; PULVERIZERS, AIR SEPARATORS AND FLASH DRYING SYSTEMS; PRESSURE VESSELS; AUTOMATIC WATER HEATERS; SOIL PIPE 
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And NOW...CABOT Cab-:o:silé 
The SAF of the Silica Pigments 


Electron Micrograph 
of Vulcan 9 (SAF) 
Carbon Black at 50,000 X 
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. ¢ q blectron Micrograph of 
i 


Cab-o-sil Colloidal Silica 
at 50,000 X 








Cab-o-sil®, with a finer particle size (0.015-0.020 micron) 
than even the finest of rubber reinforcing carbon blacks 
(0.023 micron), has been called the SAF—Super Abrasion 
Furnace—pigment of the silica field. Cab-o-sil, unique in 
many respects, is manufactured by a flame process similar 
to that used for the highly reinforcing (SAF) carbon blacks, 
and not by an aqueous precipitation process. Fine particle 
size, with exceptionally high external surface area, results in 
remarkable stiffening of uncured stocks. Cab-o-sil’s remark- 
able properties include 

High Chemical Purity 

Extremely Fine Particle Size 

Enormous External Surface Area 

Unusual Optical Properties 


Clean White Color 


Startling improvements in rubber—not possible with pre- 
cipitated silicas, silica gels and aerogels—are realized with 
the use of only small quantities of Cab-o-sil. Improvements 
include 

Outstanding Tensile Strength 


High Elongation 

Excellent Tear Resistance 

Exceptional Hardness at Low Loadings 
Minimum Cold Flow of Uncured Stocks 
Good Dielectric Properties 


Low Water and Moisture Absorption 


1 mi 


cron 


TESTED and USED in 

Butyl Rubber . . . 5-15 parts of Cab-o-sil per 100 parts 
of rubber improve the electrical, weather aging and me- 
chanical properties. Due to the low water adsorption of 
Cab-o-sil, resistance to change of electrical properties after 
long periods of immersion is especially good. Low loadings 
can minimize cold flow while helping the extrudability of 
the stock. 
GR-S ... 
of Cab-o-sil and 100 parts of clay per 100 parts of rubber 
give excellent abrasion and tear resistance. 

Neoprene Latex . . . 5-10 parts of Cab-o-sil per 100 
parts of rubber substantially increase tensile and tear 


Light colored compounds containing 5-10 parts 


strength and abrasion resistance in neoprene latices. Dipping 
operations are more efficient due to reduced drainage time 
and increased stability of the filled latex. Dispersions of 
Cab-o-sil in neoprene latices used for dipping operations 
result in superior tear resistance, higher abrasion resistance 
and, by reducing drainage, permit the deposition of thicker 
films. 

CHEMICAL and PHYSICAL PROPERTIES 


Silica Content (Moisture-Free Basis) 99.0 - 99.7% 
Free Moisture (105°C.) 0.2 - 20% 
Ignition Loss (1000°C.) . 0.2 - 1.0% 
TR Rat aR 28 A ee 0.00% 
Fex0z ' je Geen aeee ue 0.004% 


Particle Size Range me 
Surface Area (Nitrogen Adsorption) 
Specific Gravity 
Color re 
Refractive Index ; 
pH (10% Aqueous Dispersion) 
Apparent Bulk Density 
(Compressed Grade) 


0.015 - 0.020 micron 
175 - 200 m.-/gm. 
2.1 

White 

155 

4.5 -6.0 


6.0-6.5 lbs./cu. ft. 


Cab-o-sil is available in commercial quantities. Send now for a free sample and the bulletins describing Cab-o-sil applications. 


_ a> _ 
CABOT 3 WHITE PIGMENTS DIVISION TR ‘ GODFREY L. CABOT, INC. 77 Franciin sr. 
—— ’ 





BOSTON 10, MASS 


Please send Cab-o-sil® sample and iia eam oie a era Serene reas 
0) Cab-o-sil in Rubber (#cmis-1) Pa reeeiesineetentreeapemnan =a = amare 
1) Aqueous Dispersions of Cab-o-sil (#cmis-2) COMPANY. as ee a se _— 
© General Properties, Functions and Uses (#cgen-1) aneasee 


0 Cab-o-sil in Plastics (#cpla-2) 
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a the ee atenar sere to do 


AiResearch is looking for your 
kind of engineer. 

We have always been a pio- 
neering company, constantly 
developing new products and 
searching out new and better 
ways of meeting the demands of 
modern civilization. 

A sample of this ingenuity is 
our development of transducer- 
computer systems which simplify 
the job of flying. AiResearch also 
leads in the aircraft air-condi- 
tioning and pressurization fields. 
We are blazing the trail in over- 
coming the heat problem in jet 
flight. In the new, rapidly grow- 
ing field of small turbomachinery 
we have more experience than all 
other companies combined. We 
produce more than 1000 differ- 
ent products, from unique air- 
valves that can operate under 
unprecedented temperature con- 
ditions to the most complicated 
complete systems. We work on 


‘ the very frontier of present sci- 


entific knowledge. 

That’s why we need creative 
engineers...and appreciate 
them. You who qualify for an 
AiResearch position will receive 


Designers and manufacturers of aircraft components: nermcrraion systems + 


* TURBINE MOTORS 


CABIN AIR COMPRESSORS 





A NEW CONCEPT— AiIRESEARCH COMPLETE 


AIR DATA COMPUTER 





SYSTEM 





AIRESEARCH AIR DATA COMPUTER SYSTEM inicgrates electronic, 
pneumatic and electrical components to cutomatically sense, 


measure and correct for all air conditions affecting flight. 





* GAS TURBINE ENGINES 


stimulating assignments, utilize 
some of the finest research facil- 
ities in the country and be well 
rewarded financially. 

Premium positions are now 
open for mechanical engineers 
..-electrical engineers... physi- 
cists...specialists in engineering 
mechanics...specialists in aero- 


COW PORATION 


dynamics...electronics engineers 
...aeronautical engineers. 

Write to Mr. Wayne Clifford, 
AiResearch Manufacturing 
Company, 9851 S. Sepulveda 
Blvd.,Los Angeles 45, California. 
Indicate your preference as to 
location either in Los Angeles 
or Phoenix. 


AiResearch Manufacturing Divisions 


Los Angeles 45, California « Phoenix, Arizona 


* CABIN PRESSURE CONTROLS + HEAT TRANSFER EQUIPMENT ~ 





ELECTRO-MECHANICAL EQUIPMENT + 


PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS 


ELECTRONIC COMPUTERS AND CONTROLS 
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if YOU 


are interested in a career in 


NUCLEAR POWER 





Combustion Engineering 
has immediate openings for 

SENIOR POSITIONS at its new 

. NUCLEAR ENGINEERING AND 


DEVELOPMENT CENTER 
WINDSOR, CONNECTICUT 


Challenging careers are open to qualified 
PHYSICISTS 
MATHEMATICIANS 
METALLURGISTS 
MECHANICAL ENGINEERS 
CHEMICAL ENGINEERS 
AERONAUTICAL ENGINEERS 
ELECTRICAL ENGINEERS 
NUCLEAR ENGINEERS 
DESIGN ENGINEERS 
STRUCTURES ENGINEERS 





Power is Combustion’s business, whether the heat 
source be conventional or nuclear fuels. For nearly 
three-quarters of a century, C-E has been designing 
and manufacturing equipment for the generation of 
steam to produce power. A decade ago, it moved natu- 
rally into the nuclear power field. And now, with the 
new facilities under construction and completed at its 
Chattanooga plant—and the soon-to-be-completed 
Center at Windsor — Combustion is uniquely qualified 
for a leading role in the atomic power industry. 


Combustion is the third major contractor selected by 
AEC to design and build a Naval nuclear propulsion 
system — and will be the first company in the country 
to complete such a contract using its own facilities. It 
is also designing and manufacturing a large portion of 
the reactor vessels and steam generators for electric 
utility and Naval nuclear power plants. 


At Combustion’s Nuclear Center in Windsor, only 
8 miles from Hartford, you will find CAREERS — not 
jobs — and the opportunity for advanced education at 
nearby graduate schools under Combustion’s tuition 
reimbursement plan. Moreover, you can establish your 
home in a delightful countryside providing every facil- 
ity for pleasant living. Relocation assistance is, of 
course, provided. B-908 


Must be U. S. Citizen. Replies held in 
strict confidence. Submit complete resume. 


COMBUSTION ENGINEERING, Inc. 
REACTOR DEVELOPMENT DIVISION 

Room 1021, Port Authority Bidg., 111 Eighth Ave., New York, N.Y. 
Phone: MUrray Hill 9-4600, Ext. 720 
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t 





Science and the Educated Man. — No nation on 
earth, including the U.S.S.R., depends more com- 
pletely upon science and technology to foster its eco- 
nomic and social system than does the United States, 
But, in the last few decades, increased dependence 
upon science has been accompanied by a marked de- 
terioration of American public education in the hard 
core of scientific subjects. For example, Scientific 
Personnel Resources, issued by the National Science 
Foundation, reminds us that, between 1922 and 1949, 
the fraction of high school students studying physics 
dropped from 8.9 to 5.4 per cent; those taking algebra 
decreased from 40.2 to 26.8 per cent; and enrollment 
in geometry fell from 22.7 to 12.8 per cent. In “Sci- 
ence and the Educated Man” (page 285) Juius A. 
STRATTON, '23, Vice-president and Provost of M.LT., 
reminds us that we can hardly hope to understand 
ourselves or our way of life if, as a nation, we remain 
ignorant of science. Dr. Stratton’s message was origi- 
nally delivered in New York on February 2 on the 
occasion of the 25th anniversary of the founding of 
the American Institute of Physics. Dr. Stratton (S.B., 
1923; S.M., 1926; Sc.D., 1927) is the M.L.T. officer 
most directly concerned with the Institute’s educa- 
tional program. "or this reason The Review is par- 
ticularly happy to carry the Provost’s message which 
disarms the highly vocal apologists for rigorous in- 
tellectual discipline and turns tables on the Caspar 
Milquetoasts of modern pedagogy. 


Salt of the Earth.— Harry W. von LOoEgsECcKE, 
whose articles on “Food of our Colonial Forefathers” 
and “Dollars from Wastes” appeared in the May, 
1955, and February, 1956, issues, respectively, pens 
“Salt of the Earth” (page 289) for this issue of The 
Review. Mr. von Loesecke is a graduate of Harvard 
University, and has been research chemist for a num- 
ber of large manufacturing concerns. 

(Concluded on page 274) 














Canada Dry bottling plant, Maspeth, N. Y. 


Modern and Profitable 


Modern construction trends have made many present 
buildings obsolete as measured against competitive 
facilities. 

The new plants we have erected during the past 
few years enable us to give you a clear picture of 
the type of building that will meet your needs— 
and its cost. 


W. J. BARNEY CORPORATION 
INDUSTRIAL CONSTRUCTION 
101 Park Avenue, New York 


Alfred T. Glassett, '20, President 
Founded 1917 
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BELLE CHASSE 
TUNNEL 








ELECTRICAL CONTRACTOR: Walter J. Barnes Electric Co.. New Orleans. La. ENGINEERS: Pa er, inc., Mobile, Alabama 


early 50 miles of ANHYDROPRENE WD-75 
.. pushing more power through less space! 


ANHYDROPRENE WD-75, Simplex’s general- exclusive Simplex compound makes its neoprene 
burpose cable, is now being used in two great jacket extra tough. 


wuthern construction projects: Louisiana’s new Specify ANHYDROPRENE WD-75 wherever you 
elle Chasse and Harvey Tunnels. need maximum power. These wires are available in 
Made for 600-volt service, ANHYDROPRENE many colors in most standard sizes. Write for 
D-75 was chosen because it squeezes through Booklet No. 1018. SIMPLEX WIRE & CABLE CO., 
ore amps in less space. Moreover, it can be used 79 Sidney Street, Cambridge 39, Mass. 

both wet and dry locations — in conduits, under- ; 

round ducts or exposed indoors. The WD-75 

bber insulation resists heat and water. And an 











Standard Quality 
sets 
Quality Standards 


The day-in, day-out excellence, 
the quality which is standard 
in every Curtis Universal Joint, 
has made the Curtis Joint the 
qualitystandard of the industry. 
h Curtis Universal Joint 
component is made from spe- 
cially selected steel, individu- 
ally heat-treated for a specific 
purpose. This accounts for the 
inherent balance, long life and 
dependable performance of 
Curtis Universal Joints. 


CURTIS UNIVERSAL JOINTS 

@ 14 sizes always in stock, %4” to 
4” O.D. 

@ Fewer parts, simpler construction 

© Complete equipment for govern- 
ment tests 

Our catalog torque and load rat- 

ings are substantiated by constant 

tests. You can depend on them. 

Not sold through distributors. 


Write direct for free engineering 
€ and price list. 


© eurtis 


UNIVERSAL JOINT CO., INC. 
8 BIRNIE AVE., SPRINGFIELD, MASS. 
As near to you as your telephone 





the only 
Universal Jount 
with the 


melpar, inc. 


A completely integrated facility for system 
responsibility from design concept through 
production and field service. 


Many government agencies, industrial organi- 


zations and engineers have profited by taking 
advantage of Melpar’s facilities. For detailed 
information write to — 


Technical Personnel Representative 


melpar, inc. 


Subsidiary of Westinghouse Air Brake Co. 


3000 Arlington Bivd., Falls Church, Va. 
99 First St., Cambridge, Mass. 
11 Galen St., Watertown, Mass. 


Laboratories located in Falls Church and Arlington, 
Va., Cambridge and Watertown, Mass. and 
Tucson, Arizona 














THE TABULAR VIEW 
(Concluded from page 272) 





Engineering and Scientific Education. — “Unless 
the number of our scientists and engineers increases 
at an accelerated rate, our economy will be in serious 
trouble for lack of technological nourishment, be- 
cause our pool of graduate engineers is the source 
from which arise nearly all our technological ad- 
vances.” Such, in brief, is the essence of the article 
“Engineering and Scientific Education” (page 291) by 
ReaR ApmiraL H. G. Rickover, as condensed from a 
luncheon address sponsored by the Thomas Alva 
Edison Foundation, in East Orange, November 22, 
1955. A graduate of the U.S. Naval Academy in 1922, 
Admiral Rickover is chief of Naval Reactors Branch, 
Division of Reactor Development of the U.S. Atomic 
Energy Commission, and assistant chief of the Bu- 
reau of Ships for Nuclear Propulsion. 


Freedom and Probability. — Perpetual advance is 
the natural objective of life, and this will be most 
rapid if each individual has freedom to pursue his 
own bent, thereby providing greatest diversity. This 
message is contained in “Freedom and Probability” 
(page 293) by H. B. Putturrs, Professor of Mathe- 
matics, Emeritus, and occasional — but always wel- 
come — contributor to The Review. Professor Phillips 
retired as Head of the M.I.T. Department of Mathe- 
matics in 1947. 





GEARS 


Made to Your 
Specifications 


You and we can forma 
team—you to draw up 
the specifications; we to 
make the gears—that 
will be profitable to 
both of us. Gears of all 
types, all sizes, all ma 
terials. Design-engineer- 
ing service available. 


Custom Gears 
Exclusively 


DIEFENDORF GEAR 
CORPORATION 


Syracuse 1, N. Y. 


DIEFEND'O'RF 


A _R S 








THE TECHNOLOGY REVIEW 








reaniat A q 





Mh 


Ha 


HI 


ai 
col 
sec 


Pla 


anc 
uni 
pa 
gai 


tail 


50 


tio! 


pra 


LIN 
Pyt 
PRE 


| 


mic 
Bu- 


e is 
nost 

his 
This 
lity” 
the- 
wel- 
llips 
the- 


EAR 
IN 


» We 


al 





INVENIEMUS VIAM AUT FACIEMUS: “* 


tty 


NW Mi 


MAI 





We shall find a way or we shall make one.” 
— Memorial Gate, University of Pennsylvania 


In vesting in young America « + » a progress report 


“TO HELP deserving young men and women obtain a 
. to give financial support to a cross- 


9 


college education .. 
section of American colleges . . . 


FOUR YEARS AGO, the Union Carbide Scholarship 
Plan was established with those objectives. 

Today, the plan provides the complete cost of tuition 
and fees for 400 four-year scholarships at colleges and 
universities throughout the country. As an important 
part of their education, the scholars are encouraged to 
gain valuable experience in their chosen fields by ob- 
taining jobs in industry during summer vacation. 


50 TECHNICAL SCHOLARSHIPS are also available 
in specific fields of study. They cover the student’s tui- 
tion and fees for the senior year. In addition, to assist 
graduate students and to support academic research. 





EVEREADY Flashlights and Batteries 
SYNTHETIC ORGANIC CHEMICALS 
ELECTROMET Alloys and Metals 


LINDE Oxygen 
PyrRoFAx Gas 
Prest-O-LITE Acetylene 


APRIL, 1956 


UCC’s Trade-marked Products include 


NATIONAL Carbons 


Union Carbide offers 66 fellowships and grants-in-aid 
to universities. 


THE PEOPLE OF UNION CARBIDE regard these schol- 
arships as an important contribution to the future and 
to two of America’s priceless assets—its educational sys- 
tem ... and its youth. 


TO LEARN MORE about the Union Carbide undergraduate 
scholarships and the colleges and universities in which they 
have been established, write for Scholarship Plan booklet X. 


Unton CARBIDE 


AND CARBON CORPORATION 
30 EAST 42ND STREET [fq NEW YORK 17,N.¥. 


In Canada: UNION CARBIDE CANADA LIMITED, Toronto 





ACHESON Electrodes UNION CARBIDE Silicones 


PRESTONE Anti-Freeze UNION Carbide Dynel Textile Fibers 
HAYNES STELLITE Alloys BAKELITE, VINYLITE, and KRENE Plastics 
275 


























Styroflex Coaxial Cab 


Styrofiex has these outstanding advantages: 


Can be installed and operated at temperatures down to 
minus 100 degrees Fahrenheit. 


Electrical characteristics remain constant, regardless 
of years of service. 


Low attenuation and low VSWR. 
Designed and manufactured with instrument-like precision. 
Unusually strong mechanical characteristics. 


No joints or couplings necessary —continuous length 
from transmitter to antenna. 


Ideal for remoting video circuits for both television 
and radar. 


4 Four 14%" diameter, 
50-ohm impedance 
Styroflex cables with 
pigmented polyethylene 
jackets feed Alaskan 


microwave system. 


Semi-flexible qualities Kellems Grips are 


of Styroflex make direct provide positive sup} 


connections to parabolic Nibagelil-s axael (=x; 
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Installed by U. S. Army Signal Corps 





in Important Alaskan Microwave System. 


Styroflex coaxial cable’s ability to operate under extreme 
climatic conditions is being dramatically demonstrated 


by the U. S. Army Signal Corps microwave system 





in Fairbanks, Alaska. Here—where temperatures frequently 


ion. 


drop as low as minus 60 degrees Fahrenheit—the cables 


are operating successfully around the clock without 


interruption or failure. 





tyroflex reel is loaded on truck for transportation Styroflex cables connect transmitters directly to 


TaSicclitehiceametiis Releberi]e)olelai-te Mel tial-s: 





PHELPS DODGE COPPER PRODUCTS 


CORPORATION 


300 PARK AVENUE, NEW YORK 22, N. Y. 
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Stronger on the inside! This 
jackhammer delivered over two 
million blows against this tire, 
but didn’t break a single 3-T 
Nylon Cord. 


Safer on the outside! You get up to 
24% more stopping ability. See how 
this extra stopping power kept 
Goodyear Engineer Mel Wilson 
from harm, while the car with new 
tires having ordinary-type treads 
crashed into the dummy in its path. 

Goodyear’s new Nylon Custom 
Super-Cushions give you an extra 
margin of safety that can save a life! 


MORE PEOPLE RIDE ON GOODYEAR TIRES THAN ON ANY OTHER KIND! 


NEW 3-T NYLON 
TUBELESS TIRE 


yGOODFYEAR 


Stops 24% quicker at 
40 miles an hour! 





This new Goodyear Nylon tire is 
standard equipment on some of 
America’s finest new cars. It will 
fit the wheels of your car. Your 
nearby Goodyear dealer will buy all 
the unused mileage in your present 
tires. Goodyear, Akron 16, Ohio. 
This new Twin-Grip tread design 
is also available in a tube-type 
Nylon Custom Super-Cushion. 








3T NYLON CUSTOM TUBELESS SUPER-CUSHION 


by GOODFYEAR 


There’s a Goodyear dealer near you. See him for better tire values . . . better tire care . . . convenient credit terms 


Super-Cushion, T. M., The Goodyear Tire & Rubber Company, Akron, Ohio 
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Legacy from Thomas Jefferson (1743-1826 ) 
Thomas Jefferson died on July 4, 1826 —the 50th anniversary of the adoption of the Declaration of Independence, a portion 
of which is inscribed above. For the epitaph on his tomb, he chose to be known as “author of the Declaration of American In- 
devendence, of the statute of Virginia for religious freedom, and father of the University of Virginia.” 
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The Trend of Affairs 


In Good Time 


N ordinary life, the accepted standard for the meas- 

urement of time is the mean solar day, whose value 

depends upon the average rate of rotation of the 
earth upon its axis. This day is divided into 24 equal 
intervals, or hours, which are divided into 60 equal 
intervals, or minutes, and these, in turn, are still 
further divided into 60 equal intervals called seconds. 
Since 24 and 60 are numbers exactly divisible by a 
reasonable number of integral factors, the day can 
be split into a large number of unit packages that are 
convenient for man’s modern way of life. 

But as the earth rotates on its axis, it also travels 
in an elliptical path about the sun, and a full circuit 
around the sun requires a time interval of one year. 
In terms of the mean solar day, the tropical year, 
upon which the return of the seasons depends, repre- 
sents an interval equal to 365 days, 5 hours, 48 min- 
utes, and 46 seconds, or 365.242199 . . . days. It is clear 
that the year is not made up of a convenient and 
integral number of mean solar days. The tropical year 


_is about 46/190 — or a little less than one-quarter — 


of a day longer than the commonly accepted, but 
approximate, year of 365 days. 

The fact that the Maker of the Universe did not see 
fit to use simple gear ratios in relating the earth’s 
rotation on its own axis with its circuit about the sun 
has caused man no end of trouble in devising a suit- 
able calendar by which he could reckon the seasons, 
religious observances, personal and public events and 
anniversaries, historical and church dates, and so on. 
If man’s accounting of the days of the year are to keep 
pace with the seasons, his calendar must be devised so 
that, in the long run, the year is composed of some- 
thing like 365% days. 

Unfortunately, man must accept the fact that the 
number of days in a year is not exactly divisible by 
4 quarters, 12 months, 52 weeks, or any other inte- 
gral number of daily units by which fractions of a 
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year are normally measured. Man can no more prop- 
erly express the annual circuitation of the earth about 
the sun by an integral number of days than he can 
make x or € come out to be a rational, whole number; 
nature simply does not make such things possible. 
Whatever methods man uses to relate the annual cal- 
endar with an integral number of mean solar days 
must be a compromise of one kind or another. 

Throughout a sufficiently long period of time, there 
are many ways of effecting a compromise for squeez- 
ing approximately 365% days into the average year. 
Our present Gregorian calendar is of course one pos- 
sible compromise, but it is not the most convenient 
one. It includes months with as few as 28 and as 
many as 3] days; it provides no simple or ready 
method for quickly determining, through unaided 
mental processes, future or past dates, nor does it lend 
itself well to modern needs of man. 

There are other and better ways in which a year 
might be divided so as to simplify computation, and 
some of these are distinct improvements over the 
Gregorian proposal. In fact the present calendar is 
sufficiently cumbersome and awkward as to provide 
its own impetus for the adoption of a more logical 
arrangement of the days of the year. Certainly there 
is much to be said in favor of re-examining our pres- 
ent archaic system and replacing it with something 
more suitable to modern needs, much as the decimal 
system has been made legal in many parts of the 
world to replace other archaic and oddly related units 
of measurement. 

The problem of calendar reform is largely one of 
selecting and adopting, through international agree- 
ment, that arrangement of days of the year that has 
the necessary precision which is most convenient and 
logical, and causes the least disruption to man’s exist- 
ing patterns of life. If a change is made in our present 
method of annual reckoning, that calendar should be 
selected which fits in most readily with today’s needs 
of commerce, industry, and other human activities, 
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The proposal of Willard E. Edwards, ’26, for a perpetual 
calendar is shown above. Each quarter is like any other 
quarter, and any month is like the corresponding month in 
any other quarter. New Year Day —an annual holiday, apart 
from the other days of the year — brings the days of the year 
to 365, and Leap Year Day —a holiday apart, once every four 
years — brings the average year to 365% days as required. 


and which can be made acceptable to the largest 
number of segments of modern mankind with the 
least cost and confusion. 

George Eastman was interested in calendar reform 
and proposed a calendar of 13 months of 28 days 
each. Although this form of calendar had the advan- 
tage of simplicity in determining the day for a given 
date in any month, it was not feasible for operations 
involving auditing, inventories, production, dividends, 
taxes, or other business affairs which are being com- 
puted on a quarterly basis with increasing frequency. 

Another calendar, proposed by Willard E. Ed- 
wards, ’26, who has devoted many years of study to 
calendar reform, provides for a calendar of 12 months 
of four equal quarters of 91 days each. In this pro- 
posal, the months of March, June, September, and 
December have 3] days, but all other months have 
30 days. As thus accounted for, the year would have 
364 days, but an additional day — New Year Day, a 
holiday — is inserted at the beginning of the year to 
bring the total to 365 days. The additional 46/190 of 
a day is accounted for by inserting a Leap Year Day 
— another holiday — between June 31 and July 1 for 
leap years. The method for determining leap years 
would be that now employed.® 


* Leap years are those which are divisible exactly by four, 
except that the last year of a century mes a leap year only 
if the number of the century is exactly divisible by four. By 
making the year 4000 and its multiples common years instead 
of leap years, the difference between calendar and astro- 
nomical reckoning becomes less than one day in 200 centuries. 
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The calendar ptoposed by Mr. Edwards is shown 
in the accompanying cut. As shown, the week begins 
on Monday but it could also begin on Sunday. It will 
be observed that each quarter is like every other 
quarter, that the arrangement of days in any month 
is the same as that of the corresponding month in any 
other quarter, and that all quarters have the same 
number of days. 

New Year Day precedes Monday, January 1, as a 
holiday apart from the 364 days of the four quarters; 
it is the first day of each year and the third day of an 
annual three-day week end. Leap Year Day comes 
between June 31 and July 1 in leap years, as a second 
three-day week end holiday apart. These two Year 
Days (New Year Day and Leap Year Day) are defi- 
nitely named and have a definite purpose. Considered 
apart from any week or month, they allow a calendar 
to become fixed and perpetual. This feature should 
have inestimable value in the business, educational, 
religious, and social world. Those who look upon 
Friday the 13th with misgivings, will find that this 
day does not occur in Mr. Edwards’ Perpetual 
Calendar. 

As a means for readily reconstructing his calendar, 
Mr. Edwards suggests the following: 


With a day apart, the year’s begun, 
Followed by thirty, thirty, thirty-one, 
Months always start a certain way, 

On Monday, Wednesday, and Friday, 
Each quarter and each year the same, 
Is the Perpetual Calendar’s aim. 


But perhaps even this jingle is unnecessary, for 
the day of the week for any day in the year can be 
easily figured in a few seconds by remembering “30, 
30, 31; Monday, Wednesday, Friday” as the number 
of days and the first weekday of each of the months 
in each quarter. 

The calendar has been introduced at the 82d Con- 
gress of the United States, and has been offered to 
the United Nations for international adoption as the 
simplest and most practical 12-month fixed calendar 
thus far proposed. Incidentally, the topic of calendar 
reform is to come under consideration at the April, 
1956, Session of the Economic and Social Council of 
the United Nations where substantial stimulus to 
international adoption could be achieved. 

We can reform the calendar, and it is plain to see 
that everyone might benefit by such activity. 


Let’s Eat 


Lu living things eat; indeed food is a central theme 
of life. Hence biologists of all sorts have long con- 
cerned themselves with the nutritive needs of their 
subjects; microbiologists have considered how much 
peptone should be present in nutrient broth to pro- 
duce maximal growth of bacteria; husbandmen have 
given study to what proportion of hay to grains is 
best for cattle; nutritionists have sought to learn the 
optimal intake of beefsteak or potatoes to promote 
human well-being. 
As both nutrition and chemistry have advanced 
through the years, it has become possible to deter- 
mine the nutritive needs of various living things, not 
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crudely in terms of natural foods of complex and 
partly unknown chemical composition, such as those 
just mentioned, but precisely in terms of chemical 
compounds of fully known identity; in terms of sub- 
stances such as amino acids, fatty acids, carbohy- 
drates, minerals, and vitamins. When nutrient 
requirements are cast into such terms, there appears 
to be amazing similarity in the food needs of living 
organisms far apart on the developmental scale. Thus 
although bacteria will not eat hay or cattle peptone, 
when the total food needs of such diverse living things 
are expressed in terms of substances of known chem- 
ical composition, these requirements are similar. 

Such observations have led to attempts to design 
a “universal diet,” capable of sustaining all forms of 
life. These efforts have now met with marked success. 
One such diet consists of purified casein, corn oil, corn- 
starch, cellulose, sucrose, 15 different mineral salts, 
and 15 different vitamins. It may be argued that this 
mixture is not of strictly known chemical constitution, 
as the casein, corn oil, and cornstarch are of natural 
origin, and hence may contain as contaminants small 
quantities of unknown materials having nutrient prop- 
erties. Highly purified substances were used. 

The diet described has been found to be capable 
of sustaining a full gamut of living things extending 
from microbes to higher mammals, and including 
plant as well as animal species. Specifically this uni- 
versal diet has been found to maintain — in a state 
of well-being — algae, bacteria, molds, yeasts, amoe- 
bae, monkeys, pigs, cats, dogs, rats, mice, rabbits, 
guinea pigs, opossums, chicks, goldfishes, cock- 
roaches, snails, and tomato plants. 

A universal diet is of value as a research tool. It is 
also of strong theoretical interest, as it sheds light on 
the nutritional evolution of various living forms ex- 
tant today, and suggests a common origin of all 
forms of life. 


Energetic 


_—_ is a struggle for existence; and the struggle for 
existence has been characterized as a struggle for 
free energy available for work. For all animals, includ- 
ing man, energy for work comes from food energy, 
derived from solar energy captured by green plants, 
and incorporated into plant tissues that directly or 
indirectly serve as animal foods. Also involved in the 


energy budget of human beings is energy derived 


from the burning of fuels. Energy from this source 
influences the metabolism of mankind when it is used 
to heat dwellings, lowering the metabolic rate of the 
inhabitants and reducing their need for food energy. 

It is of considerable interest to view the energy 
demands of animals in terms of the area of the earth’s 
surface they occupy. As is widely known, the smaller 
a mammal, the greater its energy demands on a body 
weight basis. Thus the tiny long-tailed shrew, that 
weighs only three and a half grams, must eat con- 
tinuously and consume several times its body weight 
in food each day in order to survive; it has the ex- 
traordinary metabolic rate of 1,800 kilogram calories 
per kilogram of body weight per day. (The compar- 
able figure for the human being is only 35 kilogram 
calories per kilogram per day.) But in addition to 
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being so tiny, the long-tailed shrew does not densely 
populate the woodlands it inhabits; it is estimated 
that these beasts are no more numerous in a typical 
forest than one in five acres. Therefore, despite its 
tremendous metabolic rate, the long-tailed shrew 
dissipates only about one and three-tenths kilogram 
calories per acre per day in a typical woodland envi- 
ronment. In contrast, the larger short-tailed shrew, 
that has a metabolic rate of only 600 kilogram calories 
per kilogram per day, is heavier — about 18 grams — 
and more numerous in woodlands—about four per 
acre. And so although this species lives at a metabolic 
rate only a third as intense as its long-tailed cousin, it 
dissipates much more energy on an area basis, some 
43 kilogram calories per acre per day. 

Taking the usual human egocentric standpoint, let 
us see how mankind fits into this picture. Before the 
coming of the white man, Indians dwelling in areas 
which are now the eastern United States were so scat- 
tered as to be responsible for dissipation of only about 
one and four-tenths kilogram calories per acre per 
day — about the same as the tiny long-tailed shrew. 
But today in the same area — for example, in contem- 
porary Pennsylvania with a population of 0.3 person 
per acre — human beings metabolize about 750 kilo- 
gram calories per acre per day. This is an energy ex- 
penditure several times greater, on an area basis, than 
that of all of the common wild mammals in a typical 
woodland added together. 

To get a true picture of human energy expenditure, 
however, we must consider the human practice of 
burning fuels. As noted, some of the energy so gained 
may serve to lessen human usage of food energy, al- 
though a great deal of it goes up the stack. If we make 
the bold guess that a ton of carbon is burned each year 
for each individual in the population, this would mean 
a drainage of an additional 6,000 kilogram calories 
per acre per day from areas populated like Pennsyl- 
vania. Hence the human being, in areas with popula- 
tion densities of this order, would be responsible for 
energy dissipation of about 6,750 kilogram calories 
per acre per day. 

As there is a limit to the rate at which green plants 
can capture solar energy and make it available, one 
is led to wonder what the figures just cited mean in 
terms of an energy balance sheet. Before the coming 
of the white man to this country, the Indians, all of 
the animals, and all of the lower forms of life includ- 
ing micro-organisms, apparently lived well within the 
16,000 kilogram calories per acre per day that plants 
in a typical forest can capture. With modern dense 
human populations, plus other forms of life, energy 
is dissipated at a far faster rate than woodlands cap- 
ture it from the sun. The deficit comes in part from 
solar energy captured by plants in prehistoric times, 
and now burned as coal and petroleum; but mainly 
from intensive capture of solar energy by cultivated 
food plants, such as grains grown on farms. Geologists 
estimate that little energy is being stored in forests 
today; in other words there seems scant prospect that 
today’s forests will ever yield petroleum or coal for 
coming generations. But any concern that may once 
have been held for the future of energy sources for 
mankind is needless now that the vast energies of 
atomic fission and atomic fusion have been tapped. 
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Character Display Tubes 


HE rapidly expanding field of machine computa- 
Tition and the use of high-speed digital computers 
in large-scale control systems have created the need 
for means of displaying numbers and letters at rates 
compatible with the speed of computer performance. 
An obvious means for presenting such a display of 
characters is through the use of cathode-ray tubes 
similar to the picture tubes of television receivers. 
Ordinary cathode-ray tubes, however, are not readily 
adapted to the display of such characters, especially 
in small sizes. To meet this need, special types of tubes 
called Charactron (registered trade-mark of General 
Dynamics Corporation) and Typotron, have been de- 
veloped at Lincoln Laboratory. 

The research activities in the development of these 
tubes have been carried out by Franklin A. Rodgers, 
William L. Gardner, Patrick Youtz, ’49, and Charles L. 
Corderman, ’50, of the Lincoln Laboratory in co- 
operation with the Electron Tube Laboratory of 
Hughes Aircraft Company and the Charactron project 
formerly associated with Convair Manufacturing 
Company and now with Stromberg-Carlson Manu- 
facturing Company. The work has been supported 
under Air Force contract AF 19—(122)—458. 

The essential features of a Charactron tube are 
shown below. An electron gun, such as might be 
used in an ordinary cathode-ray tube, directs an elec- 
tron beam onto a selected area of a thin metal disc 
or character matrix. The defocused electron beam 
(which has a diameter sufficient to cover the largest 
single character) is deflected by four electrostatic 
selector plates. The function of these selector plates 
is to deflect the beam, of circular cross section, onto 
the desired single character of the matrix disc. The 
defocused electron beam is formed into the desired 
character as the beam is “extruded” through the se- 


lected character of the disc matrix. As indicated at 
the bottom of the page, the matrix has an arbitrary 
number of separate areas into each of which a de. 
sired letter, number, or other symbol has been formed 
as a stencil. Frequently provision is made for 64 
characters arranged in eight rows and eight columns. 

The formed electron beam then passes into the 
magnetic field set up by the convergence coil around 
the neck of the tube. For any character selected, this 
field acts to redirect the beam back toward the axis 
of the tube, so that it passes through the compensa- 
tion plates. As the formed beam passes through the 
compensation plates, horizontal and vertical deflec- 
tions are introduced, proportional to the particular 
character selected. In this manner, the beam from 
each character is redirected along the tube axis to 
compensate for the off-axis selection at the matrix. 
The beam then passes through the final deflection 
system so that the character selected may be posi- 
tioned at any point on the face of the tube. 

The Typotron (manufactured by Hughes Aircraft 
Co., Los Angeles, Calif.) is a character display tube 
similar to the Charactron in which a “writing” gun 
with a character matrix (see below) is combined with 
a direct view storage screen. In this tube, however, 
a second electron gun (not shown below) floods 
the entire surface of the storage screen which retains 
the displayed characters, indefinitely, until the surface 
is erased. It differs, in this respect, from the Charac- 
tron which depends upon the persistence characteris- 
tic of the phosphor for retention of the display. The 
resolution of the Typotron is limited by the mesh 
upon which the storage surface is deposited. Present 
Typotron tubes can display approximately 32 charac- 
ters across the face of a five-inch tube. 

Compared to standard cathode-ray tubes, Charac- 
tron-type operation over the same intensification 
period involves an exchange of brightness for reso- 

lution. The reduction in 
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Cross section diagram of Charactron tube with essential operating elements indicated (above). 
The black square at the bottom shows the form of one possible matrix for character formation. 
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current-density to excite 
the Charactron phosphor 
is compensated for by the 
fact that the entire char- 
acter is painted without 
me waiting for a spot-focused 
-- beam to trace out a char- 
acter shape or make mul- 
tiple dots in the shape of 
a character. 

For displays which are 
to be recorded, the inevi- 
table trend is toward more 
data at higher speeds. 
Within the next few years, 
printing rates of 10° char- 
acters per second and lin- 
ear densities of 150 
characters per inch do not 
seem unreasonable. This 
would give a quarter of a 

| million characters on a 

| five-inch tube—equivalent 
____} to the number of charac- 
ters on 10 pages of the 
Boston telephone book. 
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Seience and the Educated Man 


All the Outer Forms and Even the Inner Forces of Our 


Contemporary Civilization Are Molded and Controlled by 


Science and Technology; Yet We Have Failed to Make the 


Understanding of Science a Part of Our Common Culture 


By JULIUS A. STRATTON 


the arrival of the Twentieth Century with a Great 

Exposition. That was a year of almost universal 
hope and confidence in the future, and accordingly 
the Exposition was directed toward a Golden Age of 
science and industry. Among the 39,000,000 visitors 
who passed by those exhibits was an American by the 
name of Henry Adams, and in a famous autobiog- 
raphy he has recorded his thoughts on this preview 
of things to come. Henry Adams was the product of 
a tradition of unity and stability. Under the conflict- 
ing forces of the Nineteenth Century he had seen 
that unity breaking up, and he was searching for 
what he called a dynamics of history that would an- 
ticipate the changing course of mankind. In the Gal- 
lery of Machinery at Paris he thought that at last he 
had found a solution in science. 

It is curious to read in the final pages of his auto- 
biography his account of the new Daimler motor, 
and of the automobile “which, since 1893, had be- 
come a nightmare at 100 kilometers an hour.” He 
tells of radium, x-rays, and the Branly coherer. For 
the first time he saw “frozen air” and the electric 
furnace. The dynamo impressed him most, and it 
seemed to Adams that among the thousand symbols 
of ultimate energy the dynamo was not so human as 
some, but it was the most expensive. And then in a 
prophetic paragraph he wrote of the new American: 

“. . . the child of incalculable coal power, chemi- 
cal power, electric power and radiating energy, as 
well as new forces yet undetermined — will be a sort 


I the summer of 1900 the city of Paris celebrated 


‘ of God compared with any former creation of nature. 


At the rate of progress since 1800, every American 
who lives into the year 2000 will know how to control 
unlimited power. He will think in complexities unim- 
aginable to an earlier mind. He will deal with prob- 
lems altogether beyond the range of earlier society.” 

More than 50 years have passed since that was 
written and the progress of our efforts to master the 
physical universe continues to accelerate. Science is 
the key to that mastery. No other influence is acting 
today with comparable force to transform the charac- 
ter — indeed the very foundations of American life. 
The products and processes of science dominate our 
industry and determine our economy; they affect our 
health and welfare; they have altered our role in the 
family of nations, and they will govern the conditions 
of war and peace. 
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No one can remain impervious to these changes; 
but it seems to me that the total magnitude of change 
and the gathering momentum of material progress 
still are not fully understood. The world into which 
we were born is gone; we have little or no idea of 
the world into which our children may grow to ma- 
turity. It is this rate of change even more than 
change itself, this transition from the stability of the 
Victorian Era to some new future state of equilibrium 
whose shape we cannot as yet foretell, that I see as 
the dominant fact of our time. 

We are asked to look forward, to discern as best 
we can what the future may hold in store for science, 
and to anticipate the needs of this new world that 
science is creating. This is a period of exciting dis- 
covery in physics. I imagine that 40 years ago 
Rutherford and his associates worked with the same 
tense expectation as their experiments began first to 
disclose the structure of the atom. Now this excite- 
ment is shared by hundreds, or even thousands, of 
physicists working in laboratories all over the world. 
In a few short years we have had to abandon our 
simple notions of matter. Elementary particles are 
appearing in bewildering number and array. We now 
enjoy resources for the study of physics such that we 
on earth can duplicate conditions that prevail in the 
stars themselves. Day by day new discoveries are re- 
ported that reveal how tantalizingly close we may be 
to a comprehension of the very nature of matter it- 
self. If I were competent to do so, it would be 
tempting to speculate on the implications of these 
discoveries for the future development of physics, 
and to forecast the direction in which the search may 
lead. 

We might also discuss the probable influence of 
these advances in physical science upon our tech- 
nology. The recent progress of science has accumu- 
lated an enormous capital inventory upon which 
technology has as yet to draw. Henry Adams in- 
tuitively foresaw the rising abundance of available 
energy as the primary source of technological change. 
Our whole complex industrial civilization would be 
immobilized without mechanical and_ electrical 
power; but the usefulness of power is determined by 
a capacity to control and adapt it to our ends. 
Through electronics our ability to measure, to com- 
pute, to predict and to control is growing fabulously 
from year to year, even from day to day. 
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H. Armstrong Roberts 


It might be rewarding to consider how the mount- 
ing speed of transportation and ease of communica- 
tion is shrinking the globe. Literally and figuratively, 
as John von Neumann has recently pointed out, we 
are running out of room and at long last have begun 
to feel critically the effects of the finite size of the 
earth. There are countless other developments on the 
technological frontier which it would be interesting, 
but not fruitful, to examine. For the particular 
achievements of science and engineering seem to me 
of little import in the shadow of the great unsolved 
problem of how we shall learn to live in harmony 
and prosperity in this new world of our creation. 

As we look to the future the questions of how and 
whom we shall educate transcend all others. The at- 
titude of our people toward education, the plan and 
philosophy upon which we conduct it, shall deter- 
mine in large measure whether this new generation 
will exploit science and technology for good or for 
evil, and whether knowledge will continue to ad- 
vance. 

Since I have chosen to speak of education before 
this gathering of physicists, you may think that I 
ought to consider first the needs of science. There is 
an appalling shortage of qualified teachers of science 
in our secondary schools. Instruction in physics, 
chemistry and mathematics appears to be losing 
rather than gaining ground at the secondary level; 
and yet, in the face of these limitations on the supply 
of young scientists, the national need continues to 
grow because of the new stress in industry on re- 
search and development, and the apparently insati- 
able demands of our huge defense program. These 
are critical problems and they deserve attention. But 
I believe they are symptomatic of a deeper trouble 
rather than fundamental in themselves. With effort 
we can patch up the worst defects of high school 
instruction; we can perhaps encourage a somewhat 
larger number of young college graduates to take up 
the teaching of elementary science and divert a larger 
proportion of youth into the fields of science and en- 
gineering. It is urgent that we make this effort and 
quickly; but such measures are at best expedients — 
a nibbling at the edge of a greater problem which 
leaves the heart untouched. 

For we must view science in the perspective of the 
broad culture of the country. The education of scien- 
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tists cannot be isolated from the educational aims 
and patterns of our population as a whole. The ranks 
of science and engineering — indeed of all the pro- 
fessions — rise out of the total body of cultivated 
people. The aims and modes of thought of the young 
men and women who flow into the professions, the 
common foundation of knowledge upon which every 
profession must rest — all this is limited and prede- 
termined by the cultural horizons of the American 
public. And so I believe that we must look to the 
roots of all education in the American school and 
college. In this respect our concern will be no less 
than that of the lawyer or doctor. We cannot hope to 
alter greatly the regard for science or the quality of 
its instruction in our high schools until we have dealt 
with the more fundamental defects in the aims and 
processes of the high school itself. And in our more 
mature years we, as scientists, cannot live in isolation 
from the remainder of the community. We are a part 
of the total culture and we may be sure that science 
in this country will enjoy respect and support only to 
the degree that its purpose and methods are under- 
stood by the public at large. It would be idle to in- 
sist that every citizen become sophisticated in the 
ways of science. But the intellectual temper of a na- 
tion is set by that small group of people whom I shall 
call educated men. There are indeed scientists among 
them, but I am concerned with that greater number 
whose careers will lead them into other fields. They 
have been “liberally” educated in a traditional de- 
sign, a design that is largely lacking in the substance 
of science. I fail to see how one can examine “liberal 
education” as it is still commonly conceived in the 
United States without concluding that it has lost 
relevance to the problems of our day. 

Because I believe that soundness and balance in 
the design of liberal education are vital to the future 
of our science, I shall want to explore the matter 
more fully. Let me, however, revert for a moment to 
a particular set of attitudes which affect primarily 
our high schools, but in no small degree also affect 
our colleges. 

We Americans seem instinctively to take delight in 
the devising of efficient systems to accommodate 
large numbers. I am in fact sure that the American 
genius lies in an extraordinary power of organization 
for production. The whole economy rests on this con- 
cept of large numbers with emphasis on moderate 
quality at low cost rather than on goods of fine sub- 
tance at high price. This genius is the source of our 
strength, but likewise a symptom of our weakness. 
The weakness is compounded when quantity pro- 
duction becomes the single goal or aim of educa- 
tional planning. 

In our democratic concern to solve the problem of 
equal opportunity for all, we are tending to ignore 
the need to provide special opportunity for some. In 
our preoccupation with size we are losing the per- 
spective of quality. 

Certainly I do not mean that we have achieved 
equality of educational opportunity in the United 
States. The recent White House Conference made it 
abundantly clear how far we are still from attaining 
that goal. The normal barriers to progress in educa- 
tion are either economic or intellectual. Our task is 
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to eliminate every economic barrier to advancement, 
but we should acknowledge more frankly that intel- 
lectual limitations are inherent in the human mind. I 
think that we tend to ignore these limitations, to wish 
them away. The college degree itself has become the 
important objective rather than the advantage of go- 
ing to college for those who are intellectually quali- 
fed. We must not seek to lift the median level of 
public education by slicing off the peak. By a sharp 
focusing of attention on the requirements and limita- 
tions of the average individual, we are failing in our 
responsibility to the most gifted. Only by meeting 
this obligation to the most talented of our children 
can we hope to maintain leadership among nations. In 
a contest of numbers alone we shall surely lose in the 
end. In no field is this more certain than in science 
and engineering, which are the key to our future 
security and prosperity. The time has come to speak 
out boldly and eloquently on behalf of excellence, ex- 
cellence even at the sacrifice of quantity. 

There is, to my mind, a second defect in the proc- 
esses of the American educational system which is 
related to the first. In this country we tend to per- 
petuate in the university the attitudes and character 
of the secondary school. In large measure I believe 
this is the consequence of our national inclination to 
average down the standards of higher education in 
order to accommodate all those who aspire to a col- 
lege degree. Too many students are entering our 
colleges expecting to be taught, rather than with the 
determination to learn, and they are fortified in that 
illusion by the attitude of the faculties themselves. 
The whole familiar process of corrected problems, of 
weekly quizzes, and midyear grades adds up to an 
almost intolerable burden, an academic overhead, so 
to speak, of vast proportions. It is difficult to reconcile 
that burden upon a faculty with the maintenance of 
scholarly excellence. But that in itself is not the cru- 
cial point. By the prolongation and intensification of 
secondary school experience into the undergraduate 
years of college we weaken or destroy intellectual in- 
itiative; we forget that the development of intellec- 
tual self-reliance is more vital than the accumulation 
of factual knowledge; we fail to keep pace with the 
maturing mind of the student. 

I cling to the belief that a university should be 
more than an extension of high school, that at that 
level a faculty should teach as much by example as 


: by instruction, and can render no greater service than 


to convey the meaning of scholarship and to instill a 
sense of high aims of mind and spirit. 

And now let me turn to the substance of liberal 
education. First I shall remind you that in every sec- 
tion of the country our technical schools have shown 
an increasing concern for the role of the humanities 
in the education of the engineer. This is a movement 
that reflects a growing awareness of the dominant 
part that scientists and engineers must play in the 
future of our society. It indicates an appreciation of 
the full status of a profession and its responsibilities. 
In almost every engineering school one may observe 
a liberalization of the curriculum. On the whole I 
think that we may be content with these develop- 
ments. It is well to add history, philosophy and litera- 
ture in moderate amounts to develop powers of 






































































judgment and taste, and to give balance to the whole. 
However, we must not be beguiled into believing that 
a sprinkling of the humanities is the key to culture. 
The educated man is distinguished by an attitude 
toward learning and a method of thought rather than 
by any particular domain of knowledge. Engineering 
education will attain professional stature by a con- 
cern for principles, a ceaseless reaching down for 
fundamentals, and a rejection of the immediately 
useful in favor of a painstaking search for under- 
standing. The attitude which we, as teachers, take 
toward the subjects of science and engineering can 
have a more significant effect in opening and freeing 
the mind of the student than philosophy taught with- 
out spirit. Our engineering schools have become 
conscious of their defects, but they are beginning to 
perceive also their latent resources in strength, and I 
am confident of their future. 

Whatever its shortcomings, education in science 
and engineering is on the move. I see no grounds for 
an equal confidence in the present state of the liberal 
arts. From the nontechnical colleges will come that 
body of educated men whose judgment and under- 
standing must largely temper the public attitude to- 
ward science. Yet in a world that increasingly will be 
dominated by science and its products, it appears to 
me that liberal education has failed to keep pace 
with the changing character and expanding needs of 
the society which it should be designed to support. 

Let me distinguish sharply between the ideals of 
liberal education and its current practice. These 
ideals are indigenous to Western civilization; they do 
not alter with the times. A liberal education is de- 
signed to enlighten, to’ impart a love of knowledge 
and wisdom. Its essence, according to Whitehead, is 
an education for thought and for aesthetic apprecia- 
tion. It purports to deal with human values, with 
problems that are timeless. It undertakes to prepare 
the student to read, to listen, to see all that is lasting 
of man’s works in art, music, literature, and thought. 

But a liberal education must also be relevant to 
time and circumstance. It is an education for cul- 
tivated men in every walk of life and it should fit d 
them to perceive and comprehend the great issues of 
our time, the forces that are shaping our destiny. It is 
my belief that modern man must take full account of 
the role of science and technology. We may draw 
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We must not seek to lift the median level of 
public education by slicing off the peak. 

We must not be beguiled into believing that a 
sprinkling of the humanities is the key to culture. 

It is inconceivable that we shall continue to 
understand either ourselves or our relations with 
one another if educated people remain in their 
present ignorance of the nature of science. 











upon the past for principles to guide our conduct and 
art to stir our imagination; but the liberally educated 
man must comprehend the best that is known and 
thought about the world in which he lives and the 
laws that govern the material universe. 

Sir Richard Livingstone, that very distinguished 
advocate of humanistic studies, remarks that this past 
century has witnessed a steady attrition of standards 
in the sphere of ideas and a gradual breaking-up of 
a philosophy of life which has been accepted in the 
West for 1,500 years. The two chief instruments in 
this break-up he considers to be the otherwise benefi- 
cent forces of liberalism and science. He conceives 
freedom and reason to be “the chief forces of lib- 
eralism. The liberal believes in freedom for its own 
sake as giving the fullest opportunities to the human 
spirit, as encouraging and enabling its self-develop- 
ment, as alone adequate to its natural dignity and 
powers.” And of science, he says its method “is to 
ascertain facts, to grasp them accurately, and to find 
explanations for them . . . it is a training in observa- 
tion, in precision, in objectivity and in a rational 
habit of mind.” But the main limitation of natural 
science, according to Livingstone — and I quote him 
because among our contemporaries he has defended 
most eloquently the traditional cause of the liberal 
arts — is that science is not human, whereas we have 
to live with human beings — including ourselves — 
and nearly all the problems of life are human, while 
the problems and subject matter of physics, chem- 
istry and biology are not. 

Here we really come to the root of the matter. For 
now, and increasingly in the time to come, we are 
destined to live not only with ourselves but with the 
problems and with the products of physics, chem- 
istry, and biology. It is inconceivable that we shall 
continue to understand either ourselves or our rela- 
tions with one another if educated people remain in 
their present ignorance of the nature of science. 

The need as I see it is not one of replacing the 
liberal arts by science but rather of restoring a proper 
balance. The study of science, or let me better say of 
our physical universe, ought to be undertaken in our 
liberal arts colleges with the same thoroughness and 
serious purpose that once were.devoted to Latin and 
Greek. The “history and philosophy of science” is not 
science. A lecture or two on the “scientific method” 
will impart little understanding of the true nature of 
the process. “General education” in so far as science 
is concerned is not the answer. 

Perhaps I can best convey my thought by recalling 
to you the character of that classical education that 
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for centuries molded the minds and set the standards 
of Western men. In medieval times, apart from the 
learning of scholars, education for the great mass of 
people was limited and specialized in guilds and 
trades, and through this specialization it was highly 
divisive. And yet there were binding forces of a cul- 
ture that imparted a remarkable degree of homo- 
geneity to all Western society. This inheritance that 
we call the classical tradition set the modes of 
thought, provided the language not only of intellec- 
tual leaders but of kings and statesmen down into 
the Nineteenth Century. It was a tradition drawing 
upon the mythologies of antiquity, the philosophies 
of Greece, and the laws of those very practical Ko- 
mans. Ultimately the names of real and mythological 
characters and events were fused into a language of 
reference and allusion by which educated men com- 
municated with one another. The full sense of Milton 
or Keats or Shelley appears only in the light of classi- 
cal learning. Generations of British statesmen spoke 
and thought in these terms. A classical education 
served as the great vehicle of liberal thought. 

We in the United States have lost that facility for 
classical reference derived from an intimate fa- 
miliarity with the antiquity of Greece and Rome. A 
common bond and a common language that served 
educated people for more than 1,000 years has dis- 
appeared with the classical tradition. I do not think 
that we shall soon see it revived. 

There is one great, unifying force working in our 
age, and that is science. We must turn to science for 
the lingua franca of modern men and find in science 
the vehicle of modern thought. The legends of an- 
tiquity have for centuries provided the symbols and 
structure of ideas. The gods of Olympus and the 
heroes of Troy became human as they were invested 
with human qualities through great poets. Science is 
woven through the fabric of modern life and already 
today is beginning to supply new themes and sym- 
bols to art and literature. 

Thoroughness and unity of purpose were virtues 
of a classical education that we might do well to 
preserve. Perhaps some measure of that thoroughness 
may be restored through science. The entire burden 
cannot be left to the college. Education in science 
must be rooted in the elementary school and devel- 
oped in our high schools with a seriousness of atti- 
tude and method that rarely exists today. 

Let me now finally pull together these first 
thoughts on what I feel to be one of the great cul- 
tura! issues of this coming age. Among all other prob- 
lems I place first the education of our youth. As 
scientists we are properly concerned for the profes- 
sion of science. There are defects in the education of 
scientists which we must remove. We are alarmed by 
the growing discrepancy between the need for sci- 
entists and engineers on the one hand and the visible 
supply on the other. We are troubled by the dwin- 
dling number of qualified teachers of science in our 
schools, the lack of incentive and prestige in the 
whole field of teaching, the seeming failure of science 
to draw its due from the most gifted of our youth. 
We are rightly concerned, too, because of unaccount- 
able but manifest signs of open hostility toward sci- 

(Concluded on page 308) 
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Salt of the Earth 


A Common, Everyday Commodity of the Family Table; 


Its History, Uses, and Production 


By HARRY W. von LOESECKE 


“Ye are the salt of the earth: but if the salt have lost 
his savour, wherewith shall it be salted? It is thence- 
forth good for nothing, but to cast out, and to be trodden 
under foot of men.” — Matthew 5:13. 


ALT (sodium chloride) is an essential constituent 
of our Western civilization. Without this white, 
crystalline substance, our clothing would be lim- 
ited in comfort and eye appeal, many of the foods we 
now eat would be unobtainable, household gadgets 
accepted as commonplace would be unknown, and 
clean drinking water and modern sanitation would be 
impossible. Annual production of salt in the United 
States amounts to around 20,000,000 tons, while 
world production is more than 60,000,000 tons. 
Primitive man very likely found salt quite unob- 
tainable unless he was near surface deposits. As re- 
cent as around 1200 B.c. salt was apparently unknown 
in many parts of the civilized world, for Odysseus in 
his 10 years of wandering in returning home to Ithaca 
after the siege of Troy, speaks of inlanders who did 
not know of the sea and used no salt in their food. 
Salt was known to the Jews of Biblical times, and 
they obtained it from the Dead Sea, using it in their 
religious offerings to Jehovah: 


“And every oblation of the meat offering shall thou 
season with salt: neither shalt thou suffer the salt of the 
covenant of thy God to be lacking from thy meat offer- 
ing: with all thine offerings thou shalt offer salt.”—Levit- 
icus 2:13. 


All through man’s history, salt has been one of the 
most important items of barter, and constituted a me- 


, dium of exchange in the early commercial ventures 


across the Mediterranean, Aegean, and Adriatic seas. 
The ancient Greeks and Romans used salt in preserv- 
ing fish and meat, and its value in this connection was 
also known to the Egyptians. 

Some historians have assumed that great power and 
influence have accrued to certain nations because 
they possessed sources of salt and the skill and enter- 
prise to supply it to commerce. The commercial 
power of the Roman Empire was alleged to have been 
built upon the Etrurian salt works at Ostia, and the 
influence of Venice in the Middle Ages was believed 
to have arisen from the same cause. In early Ameri- 
can history, the need for salt tied colonial frontier 
settlers to the Atlantic Coast. In 1641, the first Ameri- 
can patent was granted for the exclusive right to 
manufacture salt “by means and ways which hitherto 
hath not been discovered.” Even before this patent, 
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many attempts were made to recover salt from sea 
water at Cape Charles, Va., and at Cape Ann, Mass. 
It was not until the Revolution and shortly after, thac 
salt production in the colonies became of importance. 

Salt is considered a dietary essential, being the 
chief cation of extracellular fluid, and shares in the 
regulation of osmotic pressure and water balance in 
the body. It also helps maintain the acid-base balance 
of metabolic activity. In extremely hot weather more 
salt (and water) is required to replace that lost in the 
sweat. Such additional salt is preferably taken at 
meals and not as a separate item, and may be as much 
as 24 grams daily. Such quantities would rarely apply 
to older persons. 

In certain pathological conditions, restriction of so- 
dium chloride is necessary. Thus, if disease causes 
fluid retention in the body and edema forms, sodium 
intake is restricted and. excess water ingested will be 
excreted in the urine because the mechanisms which 
maintain the concentration of sodium in the extra- 
cellular fluid will not allow water retention without 
sodium. 

Other conditions, such as hypertension and some 
kinds of renal and heart diseases have also been 
treated with sodium restriction. Salt restriction is also 
necessary when adrenocorticotropic and adrenal 
cortical hormones (for example, cortisone) and other 
hormones such as stilbestrol and testosterole are ad- 
ministered, because sodium retention is one frequent 
metabolic consequence following use of these agents. 

Per capita consumption of salt for food purposes in 
the United States amounts to about eight pounds per 
year. In 1941 annual per capita consumption was 
seven and four-tenths pounds. Some medical authori- 
ties believe that most Americans ingest too much salt. 
The quantity of salt used in the United States for sea- 
soning foods is small compared to that for other pur- 
poses, and more salt is utilized in the manufacture of 
chemicals than any other basic material. Only about 3 
per cent of the salt production is sold for table and 
household use, while over 70 per cent of the produc- 
tion serves as the basic material for the manufacture 
of chemicals, as shown in Table 1. 

The most abundant form of salt, except that in sea 
water, is rock salt (halite) which occurs in transparent 
or translucent crystals. These may be either colorless, 
or tinted gray, yellow, orange, pink, red, brown, and 
sometimes blue or purple, depending upon the im- 
purities present. Rock salt is the principal source of 
salt used in industry. 


289 











TABLE 1 
Utilization of Salt 
Per Cent of 

For: Total Production 
Chlorine, bleaches, chlorates, and so on 23.0 
Soda ash 41.0 
Dyes and organic chemicals 0.7 
Soap 0.1 
Other chemicals 4.1 
Textile processing 0.6 
Hides and leather 0.1 
Food processing and preserving 6.6 
Refrigeration 1.0 
Table and household use 3.0 
Livestock, agriculture, and general farm use 5.3 
Highways, railroads, and other dust and ice control 4.0 
Water treatment 3.0 
Metallurgy 0.6 
Miscellaneous uses 6.9 

100.0 











Geologists have been concerned for years with pro- 
posing adequate theories to account for the vast de- 
posits of salt in different parts of the world. All of 
these theories presuppose that deposits originated by 
the evaporation of salt water under desert conditions. 
Probably not all deposits were formed in this manner. 
The most extensive salt deposits in the United States 
are in southwest Alabama, central Mississippi, south- 
west Arkansas, north and south Louisiana, and north- 
west Texas. Deposits are also found in New York, 
Pennsylvania, Ohio, West Virginia, and Michigan. 
Surface deposits, resulting from dried-up lakes and 
salt marshes, are found in different parts of the world. 
In the United States they may be found to occur in 
the Great Plains section of Utah, Nevada, Arizona, 
Colorado, California, and New Mexico. 

The ocean is perhaps the greatest source of salt 
brine known, and sea water is extensively used for 
salt production in many parts of the world. At one 
time almost all of the salt in commerce was produced 
by the evaporation of sea water. 

In manufacturing salt, it is necessary to have a 
process that can economically produce a pure, low- 
priced commodity. Production is carried out by min- 
ing, by the evaporation of artificial and natural salt 
brines, and by evaporating sea water and brines from 
salt lakes. The method used is determined by natural 
resources of the area, and by geological and climatic 
conditions. 

Mining consists of sinking a shaft to the rock salt 
bed and bringing out the salt which is in a very pure 
state and therefore needs no further treatment. The 
largest salt mine in the United States is that of the 
International Salt Company at Retsof, N.Y. Salt is 
mined in essentially the same manner as coal, that is, 
by undercutting, sideshearing, drilling, blasting, load- 
ing, and grinding. But there appear to be no health 
hazards in a good salt mine, for the air is generally 
uniformly cool and of low relative humidity. About 
25 per cent of the salt produced is mined rock salt. 

Salt by Evaporation. Most refined salt is produced 
from artificial brines made by pumping water into a 
cavity in rock salt beds some 2,000 feet beneath the 
surface, to dissolve the salt. The brine solution is then 
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pumped to the surface. Two concentric strings of pipe 
are driven into the ground in an operation similar to 
well drilling. Water to dissolve the salt is pumped 
through the annular space, and saturated brine is re- 
moved through the central tube. 

Unlike rock salt obtained by mining, the brine ob- 
tained must be treated to remove impurities such as 
calcium and magnesium sulfates, hydrogen sulfide, 
bicarbonates, and iron. Hydrogen sulfide is removed 
by allowing the brine to trickle over baffles, subse- 
quently followed by a chlorine treatment to oxidize 
the last traces of hydrogen sulfide. The free sulfur ob- 
tained by this oxidation is removed in settling tanks, 
Chlorine also oxidizes the iron which precipitates. 
Most of the calcium and magnesium are removed by 
adding soda ash and caustic soda. 

After impurities have been removed, salt is crystal- 
lized from the brine in multiple effect vacuum evapo- 
rators in the same manner as sugar is made. The salt 
comes down as fine cubical crystals the size of which 
is effected by such factors as amount of circulation in 
the vacuum pans, quantity of salt in suspension in the 
brine, and extent of separation of proper-sized salt 
crystals in the pan. The fine cubical crystals obtained 
are used for table salt and for many food-processing 
operations. 

The mother liquors from the vacuum pans contain 
calcium sulfate in solution or as a fine suspension. 
Suspended sulfate is removed by washing the crystal 
salt with fresh brine. 

Washed salt from the evaporator is vacuum filtered, 
or centrifugals similar to those used in sugar making 
are used. The salt is dried in rotary kilns or in fluid- 
ized bed driers which are more economical than kilns. 
Since salt will absorb moisture and cake, it is either 
packed in moisture vaporproof containers, or a filler 
is added. 

For certain uses, salt having greater surface area 
and less bulk density than cubical crystals obtained 
by vacuum evaporation is desired; for instance in 
making cheese and salted butter. Such salt is pro- 
duced in grainer pans, a more expensive procedure 
than vacuum evaporation. In the grainer procedure, 
brine is evaporated in open pans and salt crystallized 
in the pans as air is circulated over the surface of the 
brine. Cubic shaped crystals will form on the surface 
of the brine in the pans, and when these crystals grow 
they change in form to hollow pyramids, and finally 
sink. Salt from grainers must be carefully handled to 
prevent breaking the crystals. The wet salt is de- 
watered and washed with brine in a centrifuge and 
then dried by passing over a vibrating plate through 
which air is blown. 

Salt in natural brines is recovered in essentially the 
same manner as for artificial brines. About 12 per cent 
of the salt produced in the United States is by the 
evaporation of natural or artificial brines. 

Solar Salt. This method of production is important 
in many warm countries where annual rainfall is 
light. Around 1,000,000 tons of solar salt are produced 
annually in the United States. For successful and eco- 
nomic production, a cheap source of heat (the sun) 
and a large acreage of level land consisting of clay 
or marl, adjoining a salt-water source, are necessary. 


(Concluded on page 310) 
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Engineering 


AND SCIENTIFIC EDUCATION 


Without Reform of Our Educational System, ““Our Economy Will Be 


in Serious Trouble for Lack of Technological Nourishment” 


By H. G. RICKOVER 


CONSIDER the present crisis in education as grave 
a problem as any that faces our country today. 
Unless it is dealt with promptly and effectively 
the machinery which sustains our level of material 
prosperity and political power will begin to slow 
down and we will be in danger of losing the cold war 
by default. Let me illustrate this with a few figures: 

First, the United States has doubled its population 
in the past 50 years and is expected to double it 
again by the end of the century. Second, with only 7 
per cent of the world’s population and 8 per cent of 
the land area, the United States is today responsible 
for more than half the world’s production. Third, to 
maintain our relative position in the world economy 
and to preserve our high standard of living, Ameri- 
can industry must—10 years from now — produce 
40 per cent more than it does today. 

An essential function of leadership, in the govern- 
ment of nations as in the management of industries, 
is to plan for the future. What we do today was 
largely determined for us by the vision and action of 
those who preceded us. Likewise, tomorrow's events 
will depend on what we plan and do today — on the 
wisdom we use in planning for the future. Perhaps 
the most insidious weakness a nation can have is the 
belief, fostered by propaganda of one kind or an- 
other, that it can do everything better than other 
people. We in this country are subjected to this kind 
of propaganda in various media — such as the slick 
advertisements of magazines— week upon week, 
month upon month. We overlook what we do not 
hear much about, especially if it is unpleasant. 

There are some who believe that the United States 
is not even graduating enough trained people merely 
to sustain our present rate of technical expansion 
beyond the year 1970. What is certain is that unless 
the number of our scientists and engineers increases 
at an accelerated rate our economy will be in serious 
trouble for lack of technological nourishment, be- 
cause our pool of graduate engineers is the source 
from which arise nearly all our technological ad- 
vances — from jet engines and nylon, to earth satel- 
lites, atomic power, and intercontinental missiles. 

America’s present educational crisis is not only one 
of quantity, that is, not enough engineers and scien- 
tists being graduated each year — but also one of 
quality. And this is a serious matter, for in the con- 
test with Russia we must depend on greater human 
quality, since we cannot match her man power in 
numbers. Our primary and secondary schools have 
recently come in for much criticism for not doing a 
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good job. Actually, the average high school graduate 
of today is better trained than the one of 75 years 
ago— which should not surprise us since today’s 
school year is twice as long as that of 1870; the pro- 
portion of teachers to pupils is greater; and, even 
taking into account the changed value of the dollar, 
we spend nine times as much per pupil today as we 
did in 1870. We have thus a situation where the 
child goes to school twice as long, costs us nine times 
as much to educate, but gets only a little better 
education than he was getting 85 years ago. 

Unsatisfactory as this may be, the real issue is 
not whether the present-day pupil compares favor- 
ably with the pupil of 1870 but whether he is ade- 
quately trained for the demands of today’s society. 
I submit that he is not. I say this on the basis of 
study, intuition, and the experience I have gained 
from interviewing more than 1,000 college graduates 
over the past 10 years. 

My experience in selecting people may have some 
relevance for other engineers because the design and 
development of nuclear power plants is extremely 
difficult. It encompasses the most advanced scientific 
and engineering concepts in physics, mathematics, 
chemistry, metallurgy, electrical engineering, elec- 
tronics, and mechanical engineering. The problems 
we face in nuclear power plants are indicative of 
what all branches of engineering will soon have to 
face. 

Another important point that has been made clear 
to me in interviewing young graduates is that they 
know many facts, but they have not learned many 
principles. Principles are more important than facts 
and far more difficult to master. But once a principle 
is learned it becomes a part of one, and is never lost. 
The facts we learn are soon forgotten and their 
meaning changes with time. A trained man knows 
how to answer questions. An educated man knows 
what questions are worth asking. 

My concept of a good engineering course is one in 
which the student learns the principles of mathe- 
matics, of physics, of mechanics, of electricity, of 
metallurgy, and of chemistry. A thorough under- 
standing of these leads easily to handling the facts 
associated with them. The employer who wants a 
“practical” engineering graduate is simply hiring a 
man who knows how to make the same mistakes that 
have been made in his plant for the past 10 to 15 years. 

I have tried to give you my view of some of the 
problems that face us in engineering education. What 
can we do about them? 
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First, we must see to it that every young man and 
woman who is qualified obtains a college education. 
Today less than half of those capable of acquiring a 
college degree enter college. Sixty per cent of the 
best students graduating from high school do not go 
to college. This is a tremendous loss of talent amount- 
ing to 250,000 students each year. And nearly half of 
all those who do start college do not graduate, For 
every high school graduate who eventually earns a 
doctoral degree there are 25 others who have the in- 
tellectual ability to achieve that degree, but do not. 
We simply cannot afford a waste such as this. 

Second, we must increase the funds for education. 
The United States is spending about 2% per cent of 
the national income on education. In contrast we 
spend more than 4 per cent on recreation. We spend 
more money for comic books than for all textbooks 
used in our elementary and high schools. In 1951 the 
amount spent for advertising was $199 for every 
family in the United States, but the amount spent 
for primary and secondary education was $152 per 
household. This means that our national outlay for 
the education of citizens was substantially less than 
our expenditures for the education of consumers. 

Third, from what I read in the papers we seem to 
be more concerned with expenditures for school 
buildings than for spending money to obtain better 
teachers. Schools can be constructed in two years or 
less, but it takes four years to train an elementary or 
high school teacher, and seven to eight years to train 
a college professor. Our school buildings may be the 
best in the world, but can we say the same of our 
teachers? I do not mean to imply that we should not 
have the best school buildings, but perhaps our chil- 
dren would be better off with fewer buildings but 
with the best teachers it is possible to obtain. We 
plan to spend 25 billion dollars in the next 10 years 
on school buildings. What amount are we prepared 
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to spend for assuring better teachers for these 
schools? 

This leads me to the question of the salaries we 
pay teachers. Compared to other professions there 
has been a considerable drop in their purchasing 
power, particularly for those at the highest profes. 
sional levels. The deterioration at the top is so great 
that it has affected the attractiveness of the aca- 
demic career as compared to other professions. In 
any profession, and particularly in the teaching pro- 
fession, there are dedicated people who will work 
under adverse conditions and at low pay. But we 
must not delude ourselves that the answer to our 
dilemma lies solely in dedicated people. There will 
never be enough of these. We are not entitled to 
educate our children on the philanthropy of our 
teachers. Whether we like it or not, in the culture 
which exists in the United States today the de- 
sirability of a given occupation is measured largely 
in terms of salary. As a rule the better people are 
attracted to the higher paying professions. This ex- 
plains why the ablest young men and women are 
turning away from teaching even though numerous 
scholarships and fellowships are available. No such 
recruitment problem exists, for example, in medicine 
or in law. These have no lack of applicants; in fact 
many are turned away. 

We all know of the nationwide shortage of ele- 
mentary and high school teachers. What is not evi- 
dent is the real meaning of this shortage, because 
very few classrooms are ever closed because a 
teacher is lost. What happens is that teaching stand- 
ards are lowered or the class size is raised. Both of 
these accommodations are already taking place at a 
growing rate. When a teacher with the desired quali- 
fications is not available, someone with lesser qualifi- 
cations is hired. The teacher then becomes, in effect, 
a “baby sitter.” 

Another thing we can do is to increase the length 
of the school year. The present school year is based 
on the requirements of an agricultural economy 
where the children had to help on the farm. True, 
the actual number of days at school now averages 
about 180 as compared with 90 days about 80 years 
ago. But, as you well know from your own experi- 
ence, and from what your children tell you, 
many of these 180 days are wasted. With the great 
and geometric advance in knowledge since the turn 
of the century, can we afford to have our children 
devote less than half their available days to ele- 
mentary schooling? Students in Europe, including 
Russia, attend school six days a week instead of five, 
and their vacation period is about two thirds of ours. 

There is no longer a sufficient number of years 
left during youth to develop properly educated men 
and women. And we cannot keep them in school too 
long after they reach the age of 22 or 23 because it is 
then time for them to face the problems of the world. 
So it is to the earlier years that we must look for 
added learning. This problem has become particu- 
larly acute due to universal military training. 

Increasing the length of the school year, say to 
210 days, would be the equivalent of making two 
additional years available before college. If to these 

(Continued on page 312) 
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Freedom and Probability 


Social Conditions Leading to the Greatest Diversity of 
Individual Action Provide the Greatest Probability 
That the Right Course of Action Will Be Discovered 


By H. B. PHILLIPS 


HERE is a widespread notion that freedom is a 

fundamental human right. According to this no- 

tion an individual is entitled to do as he pleases, 
provided his acts do not injure or annoy others. That 
an individual should have such a right seems to be 
taken as a social axiom. If such a right exists, it cer- 
tainly should include the right of an individual to do 
less constructive work than he is capable of doing. 
But such inaction lessens total production, and in a 
world where there is a close balance between life and 
resources this will cause thé lives of some people to 
be shortened. Thus freedom seems to include the 
right to let people die who might continue to live. 
Why the people thus predestined to die should ac- 
cept this fate is not explained. 

It is generally assumed that there is a universal 
desire for liberty, but there is some doubt whether 
this is really true. In the democracies the advantages 
of liberty are described to children almost from birth, 
and it is a fact, well known to advertisers, that people 
will believe anything if it is repeated often enough. 
To determine what people actually think about lib- 
erty it is, therefore, necessary to take illustrations 
which involve the subject but not the word, for ex- 
ample, the habits to which people are voluntary 
slaves. A good illustration is smoking. After smoking 
steadily for many years, it sometimes happens that a 
person stops long enough to become free from the 
habit. From this experience he learns, as George R. 
Harrison, Dean of the Institute’s School of Science, 
has remarked, that “a smoker enjoys himself while 
smoking only as much as a nonsmoker does all the 
time.” The smoker is therefore compelled to make an 
effort to attain the state of satisfaction which the 
nonsmoker has without effort. That millions of people 
voluntarily submit to this bondage indicates that they 
have little actual desire for liberty. What they really 
want is not to be free but to continue the customary 
form of bondage. 

This desire to continue the customary bondage is 
also indicated in other ways. Consider conditions, for 
example, in the industrially backward countries. Some 
of these countries have natural resources and a code 
of morals at least equal to those in the United States, 
with an average length of life less than half that in the 
United States. The people in some of these countries 
have as great ability as we have. Their low con- 
dition is not due to any evil conduct of the popula- 
tion. They merely attempt to live as their ancestors 
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did centuries ago. That style of life was hardly suffi- 
cient for the population then existing. Because of the 
much larger population at the present time, it is now 
totally inadequate. By adopting modern methods they 
would experience the same overproduction of com- 
modities we have in the United States. Thus it is not 
what they do, but what they don’t do, that makes 
them what they are. They merely refrain from doing 
the things that would enable them to work less, have 
more, and live longer. 

Such failure to make use of opportunities has led 
simple-minded people in all ages to advocate re- 
strictions on freedom. In the Middle Ages, for ex- 
ample, people thought they knew the way to heaven. 
They did not consider it right that others should be 
lost by following the wrong road, and so used force to 
make them follow the right. Assuming that they did 
know the way to heaven, this use of force was en- 
tirely justified. A few bruises or broken bones are 
trivial in comparison with broiling throughout eter- 
nity in hell. But, if they were wrong, they had no 
right to force their errors upon others. In our own 
time many think they know better business methods. 
They do not think it right that the public welfare 
should suffer through the use of inferior methods, and 
therefore advocate socialist schemes for handling 
business. If these socialist schemes are really better, 
no fancied personal freedom should be allowed to 
interfere with putting them into effect. In all such 
cases, if right methods are known, they should be 
enforced, since freedom then consists merely in the 
privilege of being wrong. Ignorance is thus the only 
excuse for freedom. 

In a specific case the fundamental question is then 
to know whether we know or whether we don't. In 
his famous defense, Socrates said he was wiser than 
his opponents in only one respect, namely, that he 
knew he didn’t know whereas his accusers didn't 
know that much. In a free society each individual de- 
cides for himself what he considers to be right. Any- 
one who has served his time on a college debating 
team knows, however, that he can be assigned to 
either side on a political question and in a few hours 
become convinced that his side is 100 per cent right 
and the other side 100 per cent wrong. In fact, fail- 
ure to react in this nimble way is evidence not so 
much of more stability as less imagination. It is 
presumptuous for any one to take his own feeling of 
mental certainty as final evidence that he is right. 
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The reason for this difficulty is that the expressions 
true and false, right and wrong, have valid meaning 
only under limited conditions. For these expressions 
to be applicable in a discussion, there must be a col- 
lection of fundamental facts and principles which are 
consistent with each other and accepted as correct 
by both sides. It may then be possible to deter- 
mine by logical processes whether a proposed state- 
ment is true or false in the sense of being consistent 
or not consistent with this fundamental material. 

In the sciences there is such a collection of gen- 
erally accepted facts. The texts and reference books 
in these subjects contain essentially the same material 
all over the world. If a questionnaire concerning de- 
tails is sent to experts in one of these fields, more than 
99 per cent will return the same answers. It is only 
concerning features still under investigation that an- 
swers will differ. But in the political and social fields 
no such general agreement is found. Different au- 
thorities, starting from different premises, arrive at 
different conclusions. If a questionnaire concerning 
details is sent to experts, it will often be found that 
less than 60 per cent support the majority view. 

Here, then, is the objective criterion determining 
whether we know or do not know. When nearly all 
agree who claim to know, it is reasonable to assume 
that the majority view is correct. The answer may 
still be wrong, but if a decision is necessary the prob- 
ability of error in such a case does not justify hesita- 
tion. The existence of an appreciable minority, 
however, indicates serious doubt whether the truth is 
known. The exact size of the minority is not impor- 
tant. In clearly defined cases 10 per cent or even 
1 per cent may be too large. If millions of such cases 
are studied, subsequent history will probably show 
the minority correct as often as the majority. 

The problem is then what to do when agreement 
is not practically unanimous. This problem has been 
handled in several ways. One method is to leave the 
decision to a dictator. In primitive societies that was 
probably not a bad solution, but one that is now com- 
pletely obsolete. Another method is to leave the de- 
cision to the intellectually superior. When the experts 
are in substantial agreement, as in science and 
engineering, that is certainly the correct solution. 
But when there is considerable difference of opinion, 
there is no evidence that the intellectuals supply any 
better answers than ordinary people. This has led to 
a third method, that of making decisions by majority 
vote. As Aristotle points out, this has the great ad- 
vantage of making more people satisfied than dis- 
satisfied. But a state of mental satisfaction doesn't 
help much if the decision is wrong, and the prepon- 
derance of votes in a ballot box has little connection 
with right and wrong. 

These methods al] have a common defect, namely, 
that they lead to a single solution, and when the ex- 
perts do not agree any single solution is a matter of 
chance and therefore probably wrong. Some would 
say there is as much chance that such a decision 
would be right as wrong. But that is not correct. The 
choice is not one out of two, but one out of many. It 
is as if one should say, “I don’t know how much two 
times three is, so I'll take a chance and say it is 
seven.” Such guesses are almost certain to be wrong. 
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If any single solution is probably wrong, the only 
way of increasing the chance of success is to try 
simultaneously a large number of solutions. The prob- 
ability of including a correct solution will increase 
with the number of choices, and will be greatest if 
each individual makes his own choice. The correct 
solution will then be indicated by the greater suc- 
cess of the individual who makes that choice, 
Throughout the history of evolution this has been 
nature's method of making a choice, and in human 
affairs it is what we call freedom. The purpose of 
human freedom is thus to provide maximum diver- 
sity of action and therefore the maximum probability 
that somebody will be right. 

In human affairs the primary objective is the gen- 
eral welfare. In a specific case, either we know what 
course should be followed or we don’t. When we 
know what is best we incorporate instructions in the 
law and permit no freedom. When we don’t know 
we permit the individual to go his own way, not for 
his benefit but for our own, because, if allowed to do 
so, he will do more for the rest of us, on the average, 
than under any orders we are able to give. The pur- 
pose of human freedom is thus to permit each indi- 
vidual to do his best for the general welfare. 

Since freedom results in more things being tried 
and therefore more correct solutions being found, 
freedom increases progress, and since progress in- 
creases control over environment it increases free- 
dom. Freedom therefore creates more freedom, and 
so advances at an ever increasing rate. This can be 
seen even in the short history of the United States. 
There is no comparison between our liberty and that 
in colonial times. Most of the people in that period 
were doomed to work desperately hard and die at an 
early age. They rarely moved from the section where 
they were born, and then only by a tedious journey 
on horseback or by stagecoach. Their mental activi- 
ties were limited to local gossip and partisan pol- 
itics. They had few books, inferior schools, and no 
facilities for research. Liberty is measured by oppor- 
tunity. Under the severe conditions of colonial times, 
the individual certainly had much less opportunity 
than now to develop his own powers and to aid in the 
general advance of mankind. The greater release of 
our energies from restricting influences is shown by 
the fact that, in many lines of endeavor, the advance 
made during the last half century is greater than that 
in all preceding history. Because of the higher level 
of general welfare now attained and the larger num- 
ber of workers, it should be even easier to repeat that 
performance during the next half century. 

For this to be the case, however, freedom must be 
a reality and not a mere form. In the United States 
the greatest restriction on liberty is probably imposed 
by our overemphasis on equality. The result is a 
pressure to make all citizens alike. In machinery this 
mass production reduces cost without reducing qual- 
ity. But each person is an individual different from 
every other individual. For best development of his 
talents and their utilization he must have conditions 
different from those of every other person. Any other 
conditions fail to provide the opportunity to do his 
best which is the real essence of freedom. 

(Continued on page 320) 
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Students Abolish Hazing 


ruDENTs of the Institute, acting through the In- 

terfraternity Conference and the Institute Com- 

mittee, the M.I.T. undergraduate governing 
body, have taken steps to improve initiation customs 
and to abolish hazing among all student groups in 
the Institute. This action, initiated by the students 
themselves following the recent tragic accidental 
death of Thomas L. Clark, 59, was announced by 
James R. Killian, Jr., ‘26, President, on March 11. In 
making this announcement, Dr. Killian said: 


I report with deep satisfaction this decisive action by 
the Student Government at M.L.T. in outlawing hazing 
and other outmoded activities by fraternities and other 
student groups. 

I hope the conclusiveness and comprehensiveness of 
the policies adopted for condemning and outlawing these 
immature practices will be widely recognized as typify- 
ing the best in student life and responsible student gov- 
ernment. M.I.T. will employ every power and means at 
its disposal to back and to perpetuate this action of Stu- 
dent Government. 


Following a study of every phase of fraternity 
initiation customs at M.I.T., the Interfraternity Con- 
ference, representing all fraternities at the Institute, 
announced these regulations for initiation procedures: 

1. No fraternity shall violate the basic principles 
of good taste, and a fraternity will initiate no activity 
which will be detrimental to the reputation of the 
M.L.T. community. 

2. No initiation or pledge training activity shall 
constitute any physical or emotional hazard to the in- 


dividual. Such potential hazards include the “long 
walk,” the quest, dangerous physical exertion or ex- 
haustion, physical violence, paddling, and the “mock 
initiation.” 

3. No pledge training or initiation activities will 
take place outside of the fraternity house with the ex- 
ception of such functions as a formal initiation ban- 
quet or service to the community. 

In order to help achieve a more constructive 
pledge training and initiation program in the 26 
M.I.T. fraternities, the Interfraternity Conference an- 
nounced the formation of a Pledge Training Com- 
mittee and requested the assistance of members of 
the Faculty and Administration, including represent- 
atives of the Medical Department, in accomplishing 
its purpose. 

The Interfraternity Conference investigating group 
also requested the support and active assistance of all 
fraternity chapter advisers. The Pledge Training 
Committee will also give advice and assistance to the 
fraternities and will have the power to recommend 
changes in the general initiation program. 

Recognizing that hazing activities neither con- 
tribute to the spirit of the educational community 
nor further the maturity of the students; that such 
activities may result in property damage and consti- 
tute hazards to participating students, and that haz- 
ing activities reflect on the reputation of M.I.T. and 
its student body, the Institute Committee, represent- 
ing the entire undergraduate group at the Institute, 
endorsed the action of the Interfraternity Confer- 
ence, and, in addition, acted to outlaw completely all 
hazing associated with interclass rivalries. 





Shannon, Visiting Professor 


LAUDE E. SHANNON, '40, research mathematician at 

the Bell Telephone Laboratories, Murray Hill, 
N. J., and one of the nation’s leading contributors to 
modern communication theory, has been appointed 
visiting professor of electrical communications at the 
Institute. C. Richard Soderberg, ’20, Dean of the 
M.L.T. School of Engineering, who announced Dr. 
Shannon’s appointment, said that while at M.LT. 
during the spring term, Dr. Shannon will also be an 
active member of the Bell Laboratories, and added: 

While he is a member of the Department of Electrical 
Engineering at M.1.T., Dr. Shannon will teach an ad- 
vanced subject on information theory based on his recent 
Bell Laboratories research which has opened up new, 
important avenues in this field. 

Dr. Shannon will also be associated with the M.LT. 
Research Laboratory of Electronics. The generosity of 
the Bell Telephone Laboratories in permitting Dr. Shan- 
non to come to the Institute will give further impetus to 
the Laboratory’s already active research program on 
communication and information theory. 


APRIL, 1956 


A native of Gaylord, Mich., Dr. Shannon received 
his bachelor’s degree in electrical engineering and 
mathematics from the University of Michigan after 
attending the Gaylord public schools. After four 
years of graduate study at M.LT., he was awarded a 
master’s degree in electrical engineering and the 
Ph.D. degree in mathematics in 1940. During these 
years at M.I.T., Dr. Shanon served as research assist- 
ant in the Electrical Engineering Department and 
later as an assistant in the Mathematics Department. 
As a National Research Fellow, Dr. Shannon studied 
at the Institute for Advanced Study, Princeton, N. J., 
in 1940, and in 1941 he joined the staff of the Bell 
Telephone Laboratories. 

Dr. Shannon’s work has been recognized by the 
award of the Alfred Noble Prize of the American In- 
stitute of Electrical Engineers, the Morris Liebmann 
Award of the Institute of Radio Engineers, and the 
Stuart Ballantine Medal of the Franklin Institute. In 
1954 he was awarded the honorary degree of master 
of science by Yale University. Dr. Shannon has con- 
tributed to many fields of applied mathematics. 
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Plymouth 
1946 
1951 


Curtis Hotel, Lenox 


Mayflower Hotel, Plymouth 


June 8-10 
June 9, 10 





Class Date Place 
1891 June 9 Brookline Country Club, Brookline 
1896 June 11 Du Pont Court, M.I.T., Cambridge 
1901 June 8-10 Castle Hill, Ipswich 
1906 June 8-11 50th Reunion 

Snow Inn, Harwichport 
1908 June 8-10 Cape Cod, Mass. 
1911 June 8-10 Snow Inn, Harwichport, Mass. 
1913 June 8-11 New Coonamessett Inn, Falmouth 
1916 June 8-10 Oyster Harbors Club, Osterville 
1921 June 8-10 Sheldon House, Pine Orchard, Conn. 
1926 June 8-10 Treadway Inn, Coonamessett, 

N. Falmouth 
1931 June 8-10 25th Reunion 

Baker House, M.I.T., Cambridge 
1936 June 8-10 New Ocean House, Swampscott 
1941 June 8-10 Mayflower Hotel, Shore Club, 


Class Reunions in 1956 


Reunion Chairman or Class Secretary 


Harry H. Young, 290 Main Street, Cambridge 
John A. Rockwell, 24 Garden Street, Cambridge 
Willard W. Dow, 78 Elm Street, Cohasset 

James W. Kidder, 215 Crosby Street, Arlington 74 


H. Leston Carter, 14 Roslyn Road, Waban 68 


Orville B. Denison, Framingham Chamber of Commerce, 
109 Concord Street, Framingham 


Frederick D. Murdock, 88 Rumstick Road, Barrington, 
R.I. 


Ralph A. Fletcher, Box 71, West Chelmsford 
Melvin R. Jenney, 9 Meadowview Road, Melrose 76 


Cedric Valentine, 18 Heath’s Bridge Road, Concord 
Charles W. Turner, 65 Exchange Street, Lynn 


Anton E. Hittl, 193 Bedford Road, Pleasantville, N.Y. 
Edward R. Marden, 233 Harvard Street, Brookline 46 


Stuart Edgerly, Jr., 38 College Road, Wellesley 81 


Charles H. Spaulding, 9 Belfrey Terrace, Lexington 73 








Ernst A. Hauser: 1896-1956 


FE RNST A. Hauser, Professor of Chemical Engineer- 
ing at M.I.T., and an internationally known au- 
thority on colloid science, died at his Cambridge 
home on February 10. Dr. Hauser, who was born in 
Vienna, Austria, and became a naturalized American 
citizen in 1941, was awarded the degree of doctor of 
philosophy by the University of Vienna and an hon- 
orary doctorate in science by Worcester Polytechnic 
Institute. Following World War I service as a captain 
in the Austrian Army, he began his career as an as- 
sistant at the University of Goettingen, Germany. Dr. 
Hauser served as a research chemist from 1922 until 
1925, when he was named chief chemist of the 
Colloid Laboratories of Metallgesellschaft. From 
1932-1935, he was chief chemist of the “Semperit” 
Austro-American Rubber Works, Ltd., in Vienna. Be- 
fore coming to the United States, Dr. Hauser was 
nonresident associate professor of colloid chemistry 
at M.LT. from 1928-1931. He became a resident as- 
sociate professor of chemical engineering at the In- 
stitute in 1935, and a full professor in 1948. During 
World War II, he served as expert consultant to the 
Office of the Quartermaster General and as technical 
adviser to the Baruch Synthetic Rubber Committee. 

Dr. Hauser received citations and honors from 
scientific societies throughout the world. He was a 
fellow of the American Association for the Advance- 
ment of Science and the American Institute of Chem- 
ists, and a member of the American Chemical Society 
and National Research Council. 
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Joseph N. Scanlon: 1899-1956 


osEPH N. SCANLON, lecturer in the Department of 

Economics and Social Science of M.I.T., died at 
the New England Medical Center on February 10. 
He was 56 years old. Mr. Scanlon, a noted labor 
leader, was responsible for the famed Scanlon Plan 
of union-management co-operation. He had been ac- 
tively associated with the labor movement for more 
than 20 years and was director of research and engi- 
neering of the United Steelworkers of America, C.1.O. 
During World War II, he served on several labor 
advisory committees of the War Production Board 
and in recent years was a technical adviser to the 
Anglo-American Council on Productivity of the Mu- 
tual Security Agency. As a lecturer at M.LT., he 
made important contributions to the Institute’s edu- 
cational program in the field of industrial relations. 

A native of Cleveland, Ohio, Mr. Scanlon had been 
an experienced cost accountant before he entered the 
production departments of the basic steel industry. 
The plans for union-management co-operation which 
he developed as president of a local union of the 
Steelworkers Organizing Committee and as a staff 
member of the United Steelworkers of America 
formed the basis of his widely known Scanlon Plan. 
In addition, he frequently lectured at meetings of 
employers, trade associations, and engineering so- 
cieties, and participated in industrial relations sem- 
inars and conferences at Harvard, Princeton, the 
Universities of Pennsylvania and Chicago, and Holy 
Cross College, as well as at the Institute. 
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Etchings by Four Alumni Displayed 


iGHTY etchings by four graduates of M.1.T. were 
E shown during February in an exhibition in the 
gallery of the Charles Hayden Memorial Library. 
The etchers, all of whom studied architecture at the 
Institute, were: Samuel V. Chamberlain, ’18, Marble- 
head; Louis C. Rosenberg, ’13, Greens Farms, Conn.; 
John Taylor Arms, ’11, recognized as one of the mas- 
ters of American etchers, who died a little more than 
two years ago; and George C. Wales, 89, who died 
in Brookline in 1940. 

For the first time in many years, the prints of Arms, 
Chamberlain, and Wales were brought together for a 
showing. In the early 1900's, their work was exhibited 
in the old Rogers Building where M.1.T. was housed 
while still in Boston. This exhibition included, for the 
most part, the later works of the three men as well 
as the prints of Rosenberg. 

The influence of their training in architecture at 
M.I.T. was reflected significantly in the artistic in- 
terests and subject matter of each etcher, although 
not obviously evident in the case of Wales who was 
deeply fascinated by ships. The entire collection of 
Wales’s works in this exhibition was concerned with 
sailing vessels. A strong architectural quality pre- 
dominates in the etchings of the other three artists. 
The intense interest of Arms in Gothic architecture 
was exemplified in the representations of the “North 
Portal, Chartres” and the doorway of the “Cathedral 
of Orense.” Chamberlain, who is also an exceptional 


and prolific photographer, had among the etchings 
landmarks familiar to Bostonians, such as “Christ 
Church, Cambridge.” Like Arms and Chamberlain, 
Rosenberg was inspired by the quaint and medieval 
quality of many old European streets and cathedrals 
shown in his “House of the Salmon, Chartres.” 


Secretary, Development Office 


A PPOINTMENT Of John W. Sheetz, 3d, *42, as Ex- 
ecutive Secretary for Development at M.LT., 
was announced in February by Robert M. Kimball, 
‘33, Secretary of the Institute. 

Mr. Sheetz became assistant to the director of 
Lincoln Laboratory in 1952 and has been at M.LT. 
since 1953 as assistant to the director, Division of 
Business Administration, and Assistant Director of 
General Services. In his new position he will give his 
primary attention to annual contributions programs 
and will be responsible for administrative manage- 
ment of the Development Office, where he will be 
associated with Ralph T. Jope, ’28, Director, and 
Walter H. Gale, ’29, special assistant. Mr. Jope is also 
business manager of The Technology Review. 

A native of Philadelphia, Mr. Sheetz attended 
Episcopal Academy in that city and was graduated 
from M.I.T. in 1942. After service in the Navy during 
World War II, he returned to the Institute for a mas- 
ter’s degree and was then employed by the Navy De- 
partment in connection with electronics and guided 
missiles programs. 








On Saturday, February 4, several hundred Alumni and friends 
of M.1.T,. attended the Midwest Regional Conference in St. 
Louis at which James R. Killian, Jr., °26, President, spoke on 
current activities at M.1.T., and Joseph W. Barker, ’16, Presi- 
dent of the American Society of Mechanical Engineers, spoke 
on educational matters. The Review hopes to bring to its 
readers the text of Dr. Barker's address. 

Under the general theme of “Today's Research and Its Im- 
pact on Tomorrow,” those attending had opportunity to hear 
George R. Harrison, Dean of the School of Science, speak on 
“The New Frontiers of Science”; John G. Trump, '33, Pro- 
fessor of Electrical Engineering, speak on “High Voltage 


APRIL, 1956 


’ 


Particles in Medicine and Industry”; E. P. Brooks, ’17, Dean 
of the School of Industrial Management,” speak on “Today's 
Plans for Tomorrow’s Management”; and Thomas H. Pigford, 
'48, Associate Professor of Nuclear Engineering, speak on “The 
Nuclear Reactor: New Tool for Research and Industry.” 

As recorded in informal photographs, Theodore T. Miller, 
‘22, chairman of the Alumni Fund Board, took an active speak- 
ing part (left), as did President Killian (center). At the right 
are shown (from left to right): Robert J. Joyce, ‘28, President, 
Joyce Company of St. Louis; Mrs. Thomas; and Charles A 
Thomas, ’24. Dr. Thomas is a member of the M.1.T. Corpora- 

tion and president of Monsanto Chemical Company. 
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Happy Birthday! 


HE 143 members and guests who attended the 

315th meeting of the Alumni Council at the M.LT. 
Faculty Club were treated to an unusual event on 
Monday, February 27. As President of the Alumni 
Association, Dwight C. Arnold, ’27, called on Hor- 
ace §. Ford, oldest Honorary Member of the Alumni 
Association and an Honorary Member of the Council, 
to make a special presentation in behalf of the Asso- 
ciation to Godfrey L. Cabot, ’81, on the occasion of 
his 95th birthday, February 26. 

In his salute to Dr. Cabot, Dr. Ford recited, in de- 
lightful manner, the family background, birth, educa- 
tion, affiliations, business activities, aeronautical 
accomplishments, travels, and benefactions of the 
senior Alumnus of the Institute whose Class cele- 
brates its 75th anniversary this year. Dr. Ford's 
tribute and felicitations would occupy somewhat 
more than two pages of solid text in The Review if 
printed in full; it is, accordingly, necessary to present 
merely an abstract here, although the full text is in- 
cluded in the minutes of the Council meeting. 

Dr. Cabot’s father was one of the petitioners for 
the grant of land on Boylston Street for use of the, 
as yet unchartered, M.I.T., and his brother was 
among the first 23 students to attend classes at the 
Mercantile Association Building on Summer Street. 
After attending the Brimmer School, Boston Latin 
School, and Hopkinson School, Dr. Cabot enrolled 
for one year at M.I.T. where he studied mechanical 
and freehand drawing, and later attended Harvard. 
Dr. Cabot is the fourth oldest living Technology 
Alumnus and the fourth oldest living graduate of 
Harvard College. 

Dr. Cabot’s avid interest in aviation was reviewed. 
The current practice of refueling in mid-air and the 
use of air mail were traced to pioneering activities of 
Dr. Cabot who learned to fly at the age of 54. 

Finally, with the following tribute — “Godfrey 
Lowell Cabot: A remarkable man; a generous man; 
a kind man; and above all, a good man” — Dr. Ford 
presented a certificate of felicitation to Dr. Cabot. 


M.1.T. Photo 
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President Arnold reported that, from February 2 
to February 16, an even dozen members of the M.LT. 
family had attended the Regional Conference in St. 
Louis and meetings of the M.I.T. Clubs in New York, 
Cincinnati, and New London. Chenery Salmon, °26 
chairman of the Midwinter Meeting Committee, re- 
ported on this meeting (see page 246 March Review), 

Donald W. Kitchin, 19, chairman for the 1956 
Alumni Day Committee, announced personnel of 
committees as follows: Conference — Dr. Egon E. 
Kattwinkel, ‘23, chairman, B. Alden Thresher, °20, 
Robert S. Harris, ‘28, John G. Trump, °33, and Dr, 
James M. Faulkner (Staff); Registration — Wolcott A. 
Hokanson (Staff), chairman, G. Edward Nealand, 32, 
and Robert E. Hewes, ‘43; Special Invitations ~ 
Philip A. Stoddard, ‘40, chairman, Ralph L. Went- 
worth, ’48; Banquet — Oscar H. Horovitz, '22, chair- 
man; Dinner — Sidney L. Kaye, 30, chairman, Miles 
P. Cowen (Staff), and William Morrison (Faculty 
Club); Gifts and Prizes — David W. Skinner, ’23, 
chairman, H. E. Lobdell, 17, Henry B. Kane, °24, 
Donald P. Severance, 38, D. Reid Weedon, Jr., ‘41, 
John W. Sheetz, 3d, °42, and John T. Fitch, ‘53. 

As another item of business, nominees for posts on 
the M.I.T. Corporation or in the Alumni Association, 
as recorded in the March issue of The Review, were 
announced. New Council members were announced, 
as were also changes in class affiliation. 

In reporting on the Alumni Fund, Theodore T. 
Miller, ‘22, chairman of the Alumni Fund Board, re- 
ported that, as of February 27, the sum of $350,000 
had been contributed by 8,370 Alumni. This year 
effort is being directed toward increasing the per- 
centage of Alumni contributing to the Alumni Fund. 

Upon the close of the business portion of the meet- 
ing, the Council had opportunity to hear James R. 
Killian, Jr., ’26, President, speak on recent develop 
ments at the Institute, to listen to Richard L. Balch, 
Director of Athletics, speak on the Institute’s cur- 
rent athletic program, and to gain insight from Theos 
J. Thompson, Associate Professor of Nuclear Engi- 
neering, regarding the nuclear reactor to be built as 
soon as authorization is received from the A.E.C. 


Godfrey L. Cabot, ’81, receives 
from Horace S. Ford a leather- 
bound document, signed by 
officers of the Alumni Associa- 
tion, in felicitation of his 95th 
birthday on February 26. Dr. 
Cabot’s activities span the full 
life of M.1.T., for he was born 
43 days before the charter was 
granted to the Institute. Dr. 
Cabot is the senior Alumnus of 
M.1.T., a life member of the 
M.1.T. Corporation, has been 
awarded four honorary doc- 
torates, is affiliated with 22 
academic, scientific, learned, 
historical, institutional, aero- 
nautical, and civic organiza- 
tions including five colleges. 
In May, 1953, at the age of 
92, Dr. Cabot was honored as 
the Grand Old Man of the 
Natural Gas Industry. 
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Alexander, Professor of Industrial 
Management 


iDELY known for research on economic and in- 
W vtustrial problems, Sidney S. Alexander, eco- 
nomic adviser to the Columbia Broadcasting System, 
will come to M.I.T. on July 1, 1956, as professor of 
industrial management. His appointment was an- 
nounced in January by E. P. Brooks, 17, Dean of 
the School of Industrial Management, who said: 

“Dr. Alexander’s imaginative and versatile mind, 
which is reflected by his extensive experience in re- 
search, especially fits him for this assignment in the 
School of Industrial Management. In addition, he 
will help formulate large-scale research in industrial 
management with emphasis on the interrelationship 
with the social sciences.” 

Dr. Alexander holds undergraduate and graduate 
degrees from Harvard University. Since 1946 he has 
been associated with many government and indus- 
trial studies of both international and industrial 
economics. 

As economic adviser to C.B.S., Dr. Alexander has 
been responsible for identifying, analyzing, and 
appraising long-term developments affecting the 
company. After his M.I.T. appointment becomes 
effective, he will continue to work on these problems 
as a consultant to C.B.S. 

Before joining C.B.S. in 1952, Dr. Alexander super- 
vised and engaged in research in economics at the 
International Monetary Fund. A native of Forest 
City, Pa., Dr. Alexander studied for one. year at 
King’s College, Cambridge, England, after gradu- 
ation from Harvard in 1936. He later returned to 
Harvard for graduate study. 

Since then, he has been associated with the Na- 
tional Bureau of Economic Research in New York, 
the U.S. Office of Strategic Services, Columbia Uni- 
versity, the U.S. Treasury Department, the U.S. De- 
partment of State, the Rand Corporation, and the 
President's Materials Policy Commission. From 1946 
to 1949, Dr. Alexander served as assistant professor 
of economics at Harvard. 


Walter G. Whitman, *17 (cen- 
ter), Head of the Department 
of Chemical Engineering at 
M.1.T., who was secretary- 
general of the first United 
Nations International Confer- 
ence on the Peaceful Uses of 
Atomic Energy, receives from 
William Van Kleeck (left), 
chairman, Federation of Stu- 
dent Engineering Societies of 
Drexel Institute of Technol- 
ogy, that institution’s annual 
Science and Engineering 
Award. James Creese (right), 
President of Drexel Institute, 
looks on. Dr. Whitman, as Sec- 
retary-General, was cited “in 
recognition of his contributions 
to the science of chemistry” 
and “in appreciation of his 
invaluable services to our coun- 
try and to all mankind...” 
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Popular Science Lectures 

fae year two Popular Science Lectures have been 
sponsored by the M.LT. Society of Arts. The first, 

scheduled on March 18, entitled “Isotopic Tracers 

and the Synthesis of Body Tissues,” was delivered by 

Professor John M. Buchanan, Head of the Division of 

Biochemistry at the Institute. 

The title of the second and final in this program is 
“The Promise of Nuclear Energy” and will be given 
on April 8 by Manson Benedict, 32, and Thomas H. 
Pigford, 48, Professor and Associate Professor, re- 
spectively, of Nuclear Engineering — both of the De- 
partment of Chemical Engineering at M.LT. 

The Popular Science Lectures are presented on 
Sunday afternoons at four o'clock in Huntington Hall 
at M.I.T. Tickets for the lecture on April 8 may be 
obtained free of charge by writing to the Society of 
Arts, Room 4-434, M.L.T., Cambridge. 


Science Teachers’ Scholarships 


sERIES of special scholarships aimed at increasing 

the nation’s supply of adequately trained sec- 
ondary school science teachers has been established 
at the Institute, according to Dean Thomas P. Pitré, 
Director of Student Aid. Beginning next fall, the In- 
stitute will award a number of scholarships in 
amounts ranging up to full tuition to junior students 
who have elected the Institute’s professional program 
in science teaching. Scholarships will be renewable. 

In atmouncing the new scholarships for prospective 
teachers, Dean Pitré emphasized that the current 
critical demand for scientifically trained personnel 
has spotlighted a national deficiency, at the sec- 
ondary school level, of properly qualified people in 
science teaching, and stated: 

Institutes of technology have a direct responsibility to 
do their part in helping to remedy this situation. The 
establishment of these new M.I.T. scholarships, which 
we hope will encourage more students of science and 
engineering to prepare for teaching in the secondary 
schools, is one of the steps we at M.I.T. have taken to 
meet our responsibilities in this regard. 


Photo-Arts 








The M.LT. science-teaching course was established 
in 1951 as a joint program with Harvard University’s 
Graduate School of Education. It offers a combined 
five-year curriculum which leads to the degrees ot 
bachelor of science in general science at M.I.T. and 
of master of arts in teaching at Harvard. 

The undergraduate phase of the combined pro- 
gram is largely at M.I.T., although some Harvard 
courses begin as early as the third year. In the fourth 
and fifth years the student takes courses at both in- 
stitutions and draws on the educational resources of 
both. 


Review of Modern Physics 


ARCH 9, 1955, was the date on which members of 

the Visiting Committee on the Department of 
Physics* met with members of the M.I.T. Adminis- 
tration and Faculty in a review of progress in the De- 
partment of Physics. 

The increased enrollment at the Institute, particu- 
larly at the undergraduate level, places a heavy load 
on the Freshman, Sophomore, and especially the 
Junior Laboratories, and the problems thus raised 
were discussed by the Committee. During the year 
1954-1955 the Freshman Laboratories in Physics 
were used by 1,000 students; the problem of suitable 
laboratory facilities will be even more difficult for 
the Sophomore Class in 1955-1956, but can be solved 
by running scheduled laboratory classes until 6:00 
p.M. However, a severe problem will arise if a large 
fraction of the 126 freshmen who have indicated 
Course VIII as their choice do continue into the 
Junior year. Neither money nor increased staff would 
quickly solve this problem, which is one of space and 
specialized equipment. There is already an increas- 


* Members of this Committee for 1954-1955 were: Thomas 
C. Desmond, ’09, chairman, Henry A. Morss, Jr., ’34, Ralph 
P. Johnson, ’36, Leonard I. Schiff, ’°37, Edward U. Condon, 
Mervin J. Kelly, Alfred L. Loomis, Isidor I. Rabi, and Alan 
T. Waterman. 





ing load on the Department in third and fourth year, 
as well as graduate, subjects occasioned by more and 
more of the engineering courses increasing the | 
physics content of their curricula. With a steadily ip. 
creasing service load in third (and later) years physics 
subjects, it seems inevitable that we must soon face 
the problem of providing advanced laboratory ip. 
struction for nonphysics majors. This raises a very 
serious space problem, the solution to which is not# 
apparent. 

There were five brief reports on some of the re.! 
search activities of the Department. Professor John 
C. Slater reported on the work of the Solid State and 
Molecular Theory Group. He pointed out that quan. 
tum theory in its early days had recognized that ap. 
proximations were necessary, but that now the time 
had come when it was possible to put things on a 


really solid basis. The availability of high-speed com. 


puters, such as Whirlwind, has made possible the 
exact solution of many problems hitherto beyond 
reach. William W. Buechner, ’35, Associate Professor |, 
of Physics, discussed new methods for rapidly ac- 
quiring large amounts of experimental data on! 
energy levels of light nuclei from the Office of Naval 
Research generator. The outstanding features of this 
work are the significant increases in precision and 
resolution. Professor Philip M. Morse discussed the 
high-speed computing methods now available, espe- 
cially the work of Whirlwind I, and pointed out the 
need of establishing a program of independent sup- 
port for this type of activity which serves as an essen- 
tial tool for many groups. Professor Victor F. Weiss- 
kopf gave a brief survey of the work going on in the 
theoretical group, pointing out the close co-operation 
with the experimental side and stressing the empha- 
sis on efforts to stimulate new and creative ideas, 
rather than to develop erudite mathematical tech- 
niques. Malcom W. P. Strandberg, ’48, Associate Pro- 
fessor of Physics, then reported on the work going on 
in the field of microwave spectroscopy. He pointed 
(Continued on page 302) 
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Two American scientists were 
honored by Cuba _ recently 
when Robert S. Harris, °28, 





M.1.T. Professor of Biochem- 
istry of Nutrition, and Robert 
R. Williams, President, Wil 
liams-Waterman Fund of the 
Research Corporation, were 
awarded the Carlos J. Finley 
National Order of Merit 
Award. Participating in the 
ceremony at Havana wert 
(from left to right): Enrique 
Saladrigas, Director of Finley 
Institute; Dr. Harris; Carlos S. 
Humara, Minister of Health; 
and Dr. Williams. Dr. Harris 
serves as scientific adviser to 
several institutes of nutrition 
in various countries, and he 
and Dr. Williams are well- 
known in Cuba for their ex- 
tensive work in the field of 
nutrition. In bestowing this 
award, tribute was paid to Dr. 
Finley who discovered the 
method of transmission of 
yellow fever. 
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BUSINESS IN MOTION 
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Agreat many people have found that extruded shapes 
are desirable because they are produced to specific 
designs, thereby markedly lowering production costs. 
They are right, of course, but there are other bene- 
fits, now being taken advantage of by builders of 
truck bodies. Revere aluminum extruded shapes are 


| produced in long lengths to meet customer specifica- 


tions, and to dimensional accuracies so close that suit- 
ably designed shapes can be interlocked side by side, 
forming a tight and structurally strong floor assem- 
bly. This is the procedure being 
adopted by truck and trailer 
body builders. 

The design is such that the 
shapes interlock in two direc- 
tions, providing greater strength 
and tightness, yet assembly is 
easy. Another feature of the de- 
sign is that the shapes used on 
one side of the center strip can 
be interlocked on the other side 
simply by turning them end-for- 
end. 

Two types of floor sections 
are produced, one with deep 
channels for refrigerator trucks, or “reefers,” the 
other with shallow V channels for dry cargo. The pur- 
pose of the deep reefer channel design is to provide 
the cold air circulation that is so essential to the 
preservation of cargo. An interesting and important 
feature of both types is that bolting to the truck sub- 
frame is made possible without going through the 
floor from inside the body. The bolts are hidden, and 
30 leakage is prevented, there are no unsanitary areas, 


”» 





and no interference with loading and unloading. 

Being aluminum, a truck floor made in this man- 
ner is appreciably lighter than one of the same dimen- 
sions that is all steel, or a composite of wood and 
steel. The result is that pay-load can be increased 
without danger of violating the restrictions on gross 
weight, or weight per axle, that are so prevalent. This 
alone, regardless of other advantages, is enough to 
make the new construction highly attractive to the 
trucking industry, which after all makes its money 
not on dead weight but on 
pounds of freight carried. In- 
cidentally, freight handlers 
sometimes are rough, and drop 
heavy boxes on the truck floor. 
If damage results, as can hap- 
pen to any floor, repairs can be 
quickly made, replacing only 
the damaged shapes without re- 
moving the entire floor. Thus 
the truck begins to roll again 
with a minimum of lost time 
and expense. 

Revere considers that this de- 
velopment of aluminum ex- 
truded shapes for truck flooring is a major engineer- 
ing accomplishment. The repeat orders received show 
that the body people and the truckers agree. How- 
ever, if you do not build or buy truck bodies, just 
remember that American industry does not stand 
still, but always moves forward. It should pay you 
to make sure that your suppliers, no matter what you 
buy from them, keep you informed of every new 
development, as quickly as it is available. 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
Executive Offices: 230 Park Avenue, New York 17, N. Y. 
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out the significant advance in the high precision now 
attainable in the measurement of the frequencies of 
absorption lines. 

Together with the Physics Policy Committee and 
representatives of the Administration, the Committee 
discussed the question of the stand the Institute, 
particularly the Physics Department, should take in 
facing the inevitable increase in outside pressure for 
expansion which will result from the rapidly increas- 
ing number of students applying for admission. The 
general feeling was that the present size of the Physics 
Department, in regard to both its undergraduate and 
graduate activities, was near the optimum. It became 
evident that even a small expansion — say 10 per cent 
— would require a disproportionate expansion of staff 
and facilities in order to provide the quality of in- 
struction and the amount of individual attention now 
available. In view of the fact that M.I.T. would in 
this way contribute such a small increment to the 
present output, the general feeling was that quality 
should not be jeopardized to provide this small nu- 
merical gain. 

The Visiting Committee believes that the M.LT. 
Department of Physics is functioning well at present, 
in spite of the pressing need for better laboratory and 
classroom facilities, which need it is expected may 


soon be met through the construction of the Ka 
Taylor Compton Laboratories. 

Reviewed by the M.I.T. Corporation at its meeting 
on June 10, 1955, and by the Executive Committee q 
October 21, the report of the Visiting Committee wa 
received for publication in The Review on Novem 
ber 8, 1955. 


About Modern Languages 


IvE members of the Visiting Committee on the De. 
F partment of Modern Languages met on March § 
1955, for a review of the educational and research 
program of the Department.® Professor William N 
Locke, in charge of the Department, and six Faculty 
members attended this meeting, as did James R. Kil- 
lian, Jr., 26, President, Julius A. Stratton, °23, Vice. 
president and Provost, John E. Burchard, ’23, Deano 
the School of Humanities, and B. Alden Thresher, "2, 
Director of Admissions, all of whom represented the 
M.1.T. Administration. 

The work of the Department was reviewed, not 
only those phases dealing with the usual language 
instruction for students, but also its research activi- 
ties. At no other educational institution in the coun- 
try are the opportunities for experimental research on 


® Members of this Committee for 1954-1955 were: John ] 


Desmond, Jr., chairman, B. Edwin Hutchinson, ’09, Antonio 
H. Rodriguez, ’21, Horatio L. Bond, ’23, Jean M. Raymond, 


34, Franklin S. Cooper, ’36, Elton Hocking, and W. Freemar 
Twaddell. 


(Continued on page 304) 
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xi + 278 pages 


LANGUAGE, THOUGHT, AND REALITY 


SELECTED WRITINGS OF BENJAMIN LEE WHORF 


Edited and with an introduction by John B. Carroll 


Foreword by Stuart Chase 


Illustrated $7.00 


Once in a blue moon a man comes along who grasps the relationship between events 
which have hitherto seemed quite separate, and gives mankind a new dimension of 
knowledge. Einstein, demonstrating the relativity of space and time, was such a man. 
In another field and on a less cosmic level, Benjamin Lee Whorf was one, to rank some 
day perhaps with such great social scientists as Franz Boas and William James. 

He grasped the relationship between human language and human thinking, how 
language indeed can shape our innermost thoughts. — Stuart Chase 


Whorf’s memorable Technology Review essays as well as important hitherto 


unpublished papers are included in this significant volume 
published jointly by John Wiley and Sons, Inc. and 


The Technology Press of M.LT. 
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Use of the transistor in Bell telephones 


Shown here are the parts of the small amplifying unit in Western Electric’s 
new Volume Control Telephone. 

Because of the use of a transistor (shown above, extreme left on index 
finger) this amplifying unit is no larger than an ice cube and can fit 

inside the housing of a standard telephone. 

Manufacturing of transistors on a commercial basis represents a solid 
engineering achievement . . . for it means volume production of an item that 
must be made under rigidly controlled laboratory conditions. For example, 
harmful impurity atoms in the germanium must be reduced to less 

than 1 for every 10,000,000,000 germanium atoms and then helpful 
impurity atoms added until there is approximately 1 for every 50,000,000 
germanium atoms. 





Western Electric has been making transistors since 1951 when our VOLUME CONTROL TELEPHONE: 
engineers set up the first commercial production line. This history-making A twist of control knob increases 
achievement is representative of the way we work as the manufacturing listening volume ...a boon to those 
unit of the Bell System. . . translating Bell System designs and inventions who have difficulty hearing. 


into the many things — from tiny semi-conductors to huge switching 
systems — used in the nationwide Bell telephone network. 

It’s a job that presents an unending challenge to our engineering staff. 
Western Electric offers career opportunities for engineers in all fields of 
specialization. For details write for a copy of “Your Opportunities 

at Western Electric”. College Relations Dept., Room 1034, sniuencrenmne ane sunn(a) UNIT OF THE BELL SYSTEM 
Western Electric Co., 195 Broadway, New York 7, N. Y. 





Manufacturing plants in Chicago, Ill.; Kearny, N. J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and Laureldale, Pa.; Burlington, 
Greensboro and Winston-Salem, N. C.; Buffalo, N. Y.; Haverhill and Lawrence, Mass.; Lincoln, Neb.; St. Paul and Duluth, Minn. 
Distributing Centers in 29 cities and Installation headquarters in 15 cities. Company headquarters, 195 Broadway, New York City. 
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language as good as they are at M.I.T. Members of 
the Committee showed considerable interest in two 
research projects now in progress. In the first of these, 
Victor H. Yngve, Assistant Professor of Modern Lan- 
guages, outlined the present work and plans for fu- 
ture development of the project on mechanical 
translation which he is directing in the Research 
Laboratory of Electronics. The present goal of the 
project is to set up the linguistic basis for translation 
of German technical articles into English by com- 
puter-type machinery. 

The other research project conducted by a mem- 
ber of the Department staff, also in the Research 
Laboratory of Electronics, is the speech analysis 
project of Morris Halle, Assistant Professor of Mod- 
ern Languages. He and three graduate students are 
attempting to identify the significant parameters of 
the sounds of speech. 

The Committee discussed the topics recommended 
in the report of the Visiting Committee for Modern 
Languages in 1954. These topics were: (1) the spe- 
cific aims of foreign language instruction at M.LT.; 
(2) language requirements at the Institute for en- 
trance, for the bachelor’s degree, and for graduate 
degrees. Dean Burchard felt that subjects offered by 
the Department in the thought and literature of 
France and Germany could make a vital contribution 
to the humanities program at the Institute and per- 
haps they do. Great attention should be paid to the 
choice of sufficiently well-prepared teaching staff and 
the subjects should be conducted on an intellectual 
level comparable to that of the other junior and 
senior humanities electives. The Committee agreed 
that the place for elementary language instruction is 
not in college but rather in secondary school, or pref- 
erably even earlier. 

On the topic of the aims of language instruction 
at the Institute, the Committee believes that the pri- 
mary aim should be the attainment by every student 
before graduation of some real competence in at least 
one foreign language. It was suggested also that it 
might be within the province of the Department to 
see that foreign students attain some competence in 
English. This subject was not discussed and might 
well be put over to the Visiting Committee agenda of 
next year. 

American students should begin their study of for- 
eign language early and should, in most cases achieve 
considerable competence before they enter the Insti- 
tute. A small proportion of our entering students do 
have sufficient mastery of German or French to be 
able to read the literature and discuss ideas in the 
foreign language. This level of achievement is about 
that which the Committee felt every educated man, 
and hence every graduate of M.I.T. should have as a 
minimum. The suggestion of the Committee with re- 
spect to specific means of assuring the student’s com- 
petence in at least one foreign language would be 
that each student give proof of his ability to handle 


(Concluded on page 306) 
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A G-E Progress Report on... 


THE CORPORATE ALUMNUS 
PROGRAM'S FIRST YEAR 


: pm Corporate Alumnus Program was begun 
as an experiment, to supplement—not to sup- 
plant—General Electric’s overall program of assist- 
ance to students and to schools and colleges. 
Principal objective was the further encourage- 
ment and support of the colleges and universities 
from which General Electric employees received 
their higher education. The Plan, briefly, was the 
Educational and Charitable Fund’s decision to 
match gifts up to $1,000 of individual G-E em- 
ployees to the accredited colleges and universities 


from which they held degrees. 


WEIGHING THE RESULTS 
Following are the four original objectives, and, 
after each, a statement of attainment, the realiza- 
tion of which contributed to the decision to 
continue the Plan, with liberalized provisions, in 


1956: 


OssectTiIvE—To provide incentive for substan- 
tial and regular contributions by the employees 
who directly benefit by the education. 

ATTAINMENT— Eligible employees, under the 
Plan, increased their average gifts from slightly 
under $20 to $39.18. 


OBJECTIVE—To recognize the joint benefits of 
education to employer and employee by matching 
contributions up to $1,000 during the year. 

ATTAINMENT—Approximately 5,100 employees 


made gifts to 359 colleges in amounts totaling 


$200,000. The essentially unrestricted amount, 
matched by the Fund, is equivalent to the average 


earnings on about $4,000,000 in endowment. 


OBJECTIVE—To stimulate colleges to more ac- 
tive solicitation of alumni support. 

ATTAINMENT—College administrators report 
special alumni-fund activities, stimulated by the 
Program and the publicity it produced, have re- 


sulted in substantial increases in alumni giving. 


OsJecTIVE—To provide a pattern of corporate 
support which might be followed by other com- 
panies. 

ATTAINMENT—At least 12 gift-matching pro- 
grams have been established by other companies, 
all incorporating some elements of the Corporate 


Alumnus Program. 


QUID PRO QUO 
The Corporate Alumnus Program has its basis 
in the concept of something received for some- 
thing given. Still in an evolutionary stage, it 
recognizes the rapid growth of corporate require- 
ments for college-trained people and the simul- 
taneous enlargements of the colleges’ needs for 
funds—operating funds as well as capital. It is 
simply giving substance to a belief that our com- 
mon progress can accelerate to meet a growing 
need if the beneficiaries—whether individual or 
company, or both—recognize a debt and do some- 


thing about it in proportion to value received. 








If you or your company are interested 
in a more complete report of the first 
year’s results of the Corporate Alum- 
nus Program, write for a copy to 
Educational Relations, General Elec- 
tric Company, Schenectady, N. Y. 
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the language at some time before or during his course 
of study at the Institute. 

There was sentiment that a requirement of lan- 
guage study for admission might be an effective way 
to secure the Committee’s aim. The Committee feels 
that a requirement of minimum achievement in a 
foreign language for admission to the Institute would 
be desirable if, in the opinion of the Faculty, it re- 
sulted in bringing in students of greater breadth of 
background and if it stimulated some to get the real 
working knowledge of one language which, as edu- 
cated men, they should have before graduation. An 
admission requirement would release undergraduate 
time, open the way of the student to foreign language 
humanities subjects or advanced language study, and 
encourage the study of elementary language in pri- 
mary and secondary schools where the facts of psy- 
chological and physiological development show it 
can best be done. 

Professor Thresher suggested that a rigidly en- 
forced admission requirement would prevent certain 
good students with no foreign language study from 
coming to the Institute. The Committee felt that in 
really exceptional cases, this requirement might be 
waived as is done with the other admission require- 
ments, but that the existence of a foreign language 
requirement would ensure a high standard of excel- 
lence among the freshmen. 

As concrete recognition by M.I.T. of the fact that 
command of at least one foreign language is part of 
the essential equipment of the educated man, the 
Visiting Committee on Modern Languages recom- 
mends that command of one foreign language be a 
condition to the granting of the bachelor’s degree. As 
an encouragement to the beginning of foreign lan- 
guage study at an appropriately early age, the Com- 
mittee recommends that knowledge of one foreign 
language be re-established as a requirement for ad- 
mission. The Committee recommends that details of 
administration of these two requirements shall rest 
with the Administration, Faculty, and admissions au- 
thorities. 

The report of the Visiting Committee was re- 
viewed by the M.I.T. Corporation at its meeting on 
June 10, 1955, and by the Executive Committee on 
October 21. Authorization for publishing this report 
in The Review was received on November 8, 1955. 








RESEARCH 
opportunity for trained 
CHEMISTS, PHYSICISTS, METALLURGISTS 
preferably with advanced degree 
to DO or to ASSIST IN 
FUNDAMENTAL WORK 
Inquire in writing: 


Virginia Institute for Scientific Research 


326 North Boulevard, Richmond 20, Va. 
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SCIENCE AND THE 
EDUCATED MAN 


(Concluded from page 288) 


ence and scientists in many quarters of public 
opinion. 

These are vital matters for each of us here, but | 
think that the remedy lies outside the profession it. 
self. All the outer forms and even the inner forces of 
our contemporary civilization are molded and con 
trolled by science and technology, and yet we have 
failed to make the understanding of science a part of 
our common culture. Anti-intellectualism, as it js 
called, the thinly veiled hostility to the “egg-head,” js 
the inevitable symptom of a distrust of the unknown 
“Electronic brains,” nuclear weapons, and guided 
missiles are modern magic and their potentialities for 
evil are as real as though in fact they had been con. 
trived by the devil. We must allow no gulf to grow 
between scientists and the great body of educated 
people. The education of scientists and engineers is 
now too serious a matter to remain wholly the con- 
cern of the profession itself. The liberal education of 
all people is a matter of equal moment to us as scien- 
tists. In our generation the classical tradition has lost 
meaning and relevance. It contained values and 
standards that we must preserve in the new tradition 
of scientific learning that is now in the making. The 
age in which we live may provide man’s greatest 
epic. We have in our hands the power to destroy 
ourselves or to survive in unity, in peace, and in 
prosperity. 


DIAL 


EVergreen 7-8100 





Write for Free Brochure on: 
* Piling ¢ Pile Shells ¢ Pile Fittings 
* Prefabricated Piping 
¢ SPEED-LAY System 





S. G. Albert °29 


ALBERT pipe supply co., inc. 


BERRY AT NORTH 13TH ST. * BROOKLYN 11, N. Y. 











Pilot plants, laboratories, power 
plants, ships and industrial proc- 
essors are using this efficient and 
economical method. A Veri-Tell 
pyrometer, selector switch and 
terminal panel (plus thermo- 









) +a single, central instrument 


_ instantly reads temperatures 








Richard K. West ('38) Pres. 
William C. West ('11) Chmn. 


Canadian Representatives: 
Upton, Bradeen & James 
English Plant: cable 
WESTINST, London 


4355C W. Montrose Ave. 
Chicago 41, Illinois 
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g. The Education and Job Change 
‘reatest 
—_ Some of the young fellows on our staff In our laboratories here at Hughes, more 
have been analyzing our files of personal than half of the engineers and scientists 
: Sam ; have had one or more years of graduate 
data regarding scientists and engineers week. one in Gour has bis Menes’s, enc 
here at Hughes. What group in 15 his Doctor’s. The Hughes research 
characteristics would be found? program is of wide variety and scope, 
affording exceptional freedom as well 
With additional facts cheerfully contributed as exceptional facilities for these people. 
© by their colleagues they have come up Indeed, it would be hard to find a — 
2 eee exciting and rewarding human climate 
: with a score of relationships—some for a career in science. Too, the profes- 
il amusing, some quite surprising. We shall sional level is being stepped up contin- 
d chart the most interesting ually to insure our future success in 
a Sar 4 commercial as well as military work. 
e results for you in this series. Hughes is pre-eminent as a developer 
d and manufacturer of airborne electronic 
e 5} 4s systems. Our program includes military 
sy Ow projects in ground and airborne elec- 
. er at tronics, guided missiles, automatic con- 
os trol, synthetic intelligence. Projects of 
8 az) > broader commercial and scientific inter- 
. ot est include research in semiconductors, 
S| st 19 £2 electron tubes, digital and analog com- 
wl putation, data handling, navigation, 
pl iL 41 and production automation. 
oz] 
> s : . > 
24 o NO MS PHD RiGuTt Now the Laboratories 
DEGREE 
Oe have positions open for engineers with 
experience in the design of 
The above chart represents the number of positions held prior 
to employment at Hughes—by academic degrees (and by lack electronic circuits in all areas mentioned 
of a degree). The Ph. D. has changed jobs the least. Data ob- 
tained from a 20% random sample of the 2400 professional in this advertisement. 
engineers and scientists of Hughes Research and Development 
Laboratories. 
RESEARCH 
Scientific Staff Relations Hughes AND DEVELOPMENT 
LABORATORIES 
Culver City, Los Angeles County, California 
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d for your copy of 
“TOMORROW'S OPPORTUNITY TODAY” 
State whether you are an engineer, 
mathematician, Physicist or Metallurgist. 


Send complete resume to 
MR. A. M. JOHNSTON, 
Dept. A.M. 


c 
» 4amMod 31u10™ 
Westinghouse Bettis Plant 


P.0. Box 1468 
Pittsburgh 30, Penna. 
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SALT OF THE EARTH 
(Concluded from page 290) 


In the United States, large solar salt plants are lo- 
cated in Alameda and San Mateo near San Francisco, 
and at San Diego. Methods for preparing solar salt 
will vary according to the location of the operation, 
In California, the method is essentially as follows: 

At high tide, water is admitted through tide gates” 
into ponds surrounded by levees about 10 feet high, 
Water is retained in these tide ponds for about two 
weeks and then pumped to secondary ponds where it 
is allowed to remain until it contains 6.5 per cent 
salt. Under ordinary conditions at San Diego, Calif, 
this will be about two weeks. The brine is next rug 
into a second series of ponds, sometimes called “lime 
ponds” because calcium carbonate will settle out 
here, when the brine has reached a concentration of 
around 7.8 per cent salt. Brine is allowed to stay in 
these ponds until the salt concentration has reached 
9.25 per cent, and is then run to a pickling pond 
where it remains until it contains 24 per cent salt, 
When the salt concentration has reached nearly 14 
per cent, calcium sulfate begins to settle out, and is 
almost entirely precipitated at 24 per cent salt concen- 
tration. From the pickling ponds, the brine is pumped 
to crystallizing ponds where salt starts to crystallize 
when the concentration has reached 25 per cent, and 
when concentration has reached about 30 per cent, 
the mother liquor from the crystals is pumped to bit- 
tern ponds. Bittern is used for the manufacture of 
bromine and gypsum. 

Harvesting of the salt usually begins in August and 
continues until the rainy season which generally starts 
in November. The salt cake is broken with a special 
plow and subsequently gathered by a dragline into 
dumpcarts. The salt is washed with brine from the 
pickling ponds, kiln dried, and stored in stockpiles. It 
must be refined, either by rewashing, grinding and 
screening, or by recrystallization in vacuum pans or 
grainers. 

Solar salt comprises about 5 per cent of the total 
United States salt production. 

Referring again to Table 1, it is seen that salt has 
varied and widespread use. About 20 per cent of 
mined salt and 14 per cent of salt produced by evapo- 
ration are used for the manufacture of such chemicals 
as sodium, caustic soda, chlorine, salt cake, hydro- 
chloric acid, and soda ash. 

Salt is probably the only natural resource of which 
we seemingly have an inexhaustible supply. 
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“A new era 1S beginning... 


“As I review the progress in aeronautics within so short a span, and marvel 
at the complex aircraft of today, I call it an achievement little short of miraculous. 


“Today, electronically-guided planes take off and land without human touch. 
Lethal sky missiles seek and destroy invisible targets with uncanny precision. And still other 
fantastic achievements in both man-controlled and pilotless flight are now in the offing. 


“When men go to the moon and planets, electronically-controlled skycraft will take them 
there. Aviation maps will be studded with stars as well as with cities. New developments 

in aeronautics will go on and on. Success opportunities and careers will continue to develop 
for ambitious young men in this exciting field where a new era is beginning’’* 


LEE De FOREST 


Appropriately qualified to speak for aeronautics and 
other fields in which his own scientific achievements 
play an important part, Dr. Lee de Forest gives help- 
ful counsel to young graduates headed for successful, 
rewarding careers. 

His expression, “a new era is beginning}’ has parti- 
cular significance at Northrop, world leader in the 
design, development and production of all-weather 
and pilotless aircraft. 

At Northrop, permanent positions are available that 
offer full play for individual talent and ambition. Here 
the graduate engineer will find interesting assign- 
ments for which he is best fitted. Surroundings are 
attractive, co-workers congenial, opportunities for 
advancement unceasing, the compensation good. 


For detailed information regarding specific openings 
in your field of specialization, write Manager of Engi- 
neering Industrial Relations, Northrop Aircraft, Inc., 
1001 East Broadway, Hawthorne, California. 


A NORTHROP 


Pioneers in All Weather and Pilotless Flight 


*A statement by 
Dr. Lee de Forest, 
pioneer in radio. 
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(Continued from page 292) 


two years we added better teaching, better school 
administration, and better use of school facilities, it 
is quite possible that by the time a young man 
reached the age of 18 he could have completed the 
equivalent of the present-day college course. This is 
not as farfetched as it may sound. Something close | 
to this has been achieved in Europe. 

In this time of acute teacher shortage in our schools 
we might well consider relieving them of the prob- | 





lems which could just as well be taken care of in the 
home or by other activities. Under pressure from | 
various groups, courses are being given whose edu- 
cational value is questionable. Nearly half of our 
high schools offer little or no instruction in physics, 
chemistry, or in mathematics beyond introductory 
algebra. The percentage of high school pupils who 
today study scientific subjects is indicative of this: 


1900 1950 
Physics 23 4 
Chemistry 10 7 
Algebra 52 27 
Geometry 27 13 


The high schools have been required to arrange 


the necessary curriculum to take care of the average 
boy or girl. For many children the school makes up 
for what they cannot obtain at home; and, in some 
cases, it takes the place of the home. The ones who 
suffer are the gifted children. Some parents, those 
who can afford to, send their children to private 
schools. Whether or not these are really better than 
our public schools is a moot question. Certainly it is 
not altogether desirable to have children, during 
their impressionable years, associate only with those 
who have the same economic background. 

A partial solution to the high school problem lies 
in setting up two different kinds of schools, one hav- 
ing higher standards than the other. There can be no 
valid objection to this because boys and girls with 
the necessary ability could go to the more difficult 
school. True democracy does not require of us that 
we hold back the qualified; it does require that we 
give each individual the opportunity to develop his 
talents to the fullest. 

Neither of these arguments will bear critical ex- 
amination. If it is considered democratic to give 

(Continued on page 314) 
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(Continued from page 312) 


special care to our retarded children, as we should 
and must, why should it not likewise be considered 
democratic to help our brightest children. There are 
many things which are pure gifts and which we can. 
not acquire even by the greatest application: they 
are endowments granted to us by God. Among these 
gifts are creative artistic talents, profound sensitivity 
to art, music or literature, philosophical power, and 
scientific or engineering intuition. 

Here are the unprecedented educational problems 
we now face: Elementary school enrollment has risen 
from 20 million in the 1940's to 29 million today, and 
is expected to reach 34 million in 1960. High school 
enrollment will increase from 7 million today to 
about 12 million in 15 years. But the severest impact 
will be felt by the colleges and universities where 
the attendance will increase from about 2% million 
today to between 5 and 7 million between the next 
10 to 15 years. 

But faced with this formidable and unprecedented 
situation, we start with a present shortage of 140,000 
qualified teachers. If the nation’s schools are to be 
adequately staffed during the next 10 years more 
than half of the college graduates during that period 
will have to enter the teaching profession, But at 
present only one fifth of the college graduates be- 
come teachers. 

(Continued on page 316) 
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(Continued from page 314) 


A partial solution and one which could be imme. 
diately effective is to enlist the aid of industry. Why 
cannot the scientists and the engineers from industry 
be given sabbatical leave to teach in our schools? 
The very shortage of college graduates and many of 


our educational problems have been created by the | 


vastly increased requirements of industry. In 1900 
the ratio of engineers to other workers was one in 
300; today it is one in 60 — and in highly advanced 


industries it has already reached the figure of one | 


for about every 20 workers. 

Industry is today short more than 40,000 engineers 
and will require a minimum input of 30,000 for many 
years to come. The only serious attempt made by 
industry to solve this problem has been to offer con- 
siderably higher salaries to young college graduates. 
This has resulted in an unhealthy situation where the 
small number of graduates are being sought after by 
many organizations. Recently, at one college, the 
same 200 members of the graduating class were in- 
terviewed by representatives of nearly 500 compa- 
nies. This is not recruitment; it is inflation. We have 
learned in the case of goods that inflation can only 
be solved by greater production; this is true of col- 
lege graduates as well. There is danger to the young 
graduates in being sought after so avidly. Success is 
too easily achieved, and he gains it so quickly and 
so easily that he has had no time to learn the hu- 
mility to handle success, or even to realize that he 
will need humility. 

It is not farfetched to expect industry to help carry 
this social obligation. In present-day America the 
business corporation is not a business device alone — 
it has become a social institution and has acquired 
the obligations inherent in this concept. 

Specifically, I suggest that, at their own expense, 
industrial organizations make available their scien- 
tists and engineers for one-year periods to teach in 
our high schools, colleges, and universities. The cost 
of this will be more than repaid by the larger num- 
ber and better-trained students who will soon be 
available, 

Another thing industry can do is to help finance 
education. This has already been started by some 
corporations in providing scholarships and other aid. 
I suggest that financial contributions to education 


(Concluded on page 318) 
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puters, memory devices, advanced data processing 
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— components. 
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Electronics engineering at Martin is second to none 
in the industry today, and our advanced programs 
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(Concluded from page 316) 


rather than scholarships be made, but on a consicer- 
ably larger scale than is presently the case, perhaps 
as a percentage of gross sales. These funds might be 
assigned for distribution to central groups of men not 
associated directly with industry or with the schools, 
This will eliminate any possibility of industry being 
accused of influencing education or the schools of 
being self-seeking. 

The United States, if it is to succeed in its role of 
world leadership, must produce citizens who have 
the wisdom, the vision, and the knowledge to grapple 
successfully with world problems; citizens who can 
see critically through conventional values and who 
are able to subject to principle and to reason all 
claims to power. In the conditions of modern life 
the rule is absolute, the race which does not value 
trained intelligence is lost. It will matter little what 

ve of the designs by Samuel Chamberlain’18 for other excellences our educational institutions possess 
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On Queen’s Ware at $24.50 which today’s events place upon us. And only if we 

meet them can we create in our society the kind of 

leadership without which we cannot hope to meet 

the responsibilities and the possibilities that our time 
has opened before us. 
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certain roughness usual in the weaving of the 
best tweeds. The new fabric, 100% virgin wool, 
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a UNIQUE application . . . of a NEW principle 
for a BETTER instrument 
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> High Stability 


> Wide Dynamic 
Response 


> Magnetic Input 
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FREEDOM AND PROBABILITY 


(Continued from page 294) 


This diversity of conditions is particularly needed 
for creative work. In such work there has been too 
much stress on co-operation. In any form of creative 
work the first step must be taken by an individual. 
In the words of John Steinbeck, “Nothing was ever 
created by two men. There are no good collabora- 
tions, whether in music, in art, in poetry, in mathe- 
matics, in philosophy. Once the miracle of creation 
has taken place, the group can build and expand it, 
but the group never invents anything.”* 

A good illustration of mass treatment of individ- 
uals is Universal Military Training. The argument in 
favor of such training is that it is the fairest way to 


distribute the burden of defense. If the training is 
really universal, it may not, however, be the best 
way to obtain military strength. In modern war, sci- 
ence is the key to survival. A brilliant young scientist 
may contribute more through his own line of work 
than a thousand men in the field. No one can say 
how much his capacity for such work will be reduced 
by even a brief interruption for military training; 
for the period at which this training is given is the 
period when his ability to learn and to create is 
greatest. By providing special opportunities for 
young scientists and engineers, a dictator might do 
more to strengthen his nation than would be lost by 
denying all freedoms in the bill of rights. And prog- 

Instruments for Measurement and Control! (Concluded on page 322) Mill 
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tion and measurement of minute d-c signals. A new 
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Harmonic Magnetic Converter as the input stage 
avoids the limitations of the usual mechanical type 
converters and results in improved performance. 
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FREEDOM AND PROBABILITY 


(Concluded from page 320) 


ress under such a dictator might be even more rapid 
than in a democracy where all are reduced to a com- 
mon level. 

But some would ask why should we continue for- 
ever to advance? In terms of conventional morality a 
simple answer is that failure to make all possible ad- 
vance is immoral. Helping others is the central fea- 
ture of Christian ethics. These others are not only all 
now living but all who will live in the future. The ad- 
vances we make contribute to the welfare of the pres- 
ent and to that of all future generations. The greatest 
contributions to human welfare are not made _ by 
those who serve the people, but by those who deter- 
mine how to serve. The greatest contributions to en- 
gineering, for example, are not made by engineers 
but by physicists. The greatest contributions to medi- 
cine are not made by doctors but by chemists and 
biologists. The greatest contributions of all are made 
by those who establish the abstract underlying prin- 
ciples. For example, Newton probably contributed 
as much as any individual in the last thousand years. 
For Newton’s work laid the basis for the power age 
in which the labor of human muscles was replaced by 
that of machines. 

Thus whether we consider life from the point of 
view of religion or science the natural objective is 
perpetual advance, and this will be most rapid if each 
individual has the opportunity to do his best. When 
the proper course is known, action can be directed by 
rule or law. But when the proper course is not known, 
each individual should be free to go his own way to 
provide the greatest diversity of action and therefore 
the greatest probability that somebody will be right. 
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YORK 17, NEW YORK 


Lummus-Built Plant Will 


~ Double Phthalic Capacity 


(Paint and Plastics 
Producers to Benefit 
From Expansion 





To double the phthalic anhydride 
capacity of Pittsburgh Coke and 
Chemical Company’s Coal Chemi- 
cals Division, The Lummus Com- 
pany is engineering and construct- 
ring a $3,000,000 plant on Neville 
Island in the Ohio River below 
Pittsburgh. The new plant, to be 
completed by Fall 1956, is a fur- 
ther step in Pittsburgh Coke’s 





chemical expansion. 
+ This second installation is being 
| built because plasticizer and alkyd 
}resin manufacturers 
phthalic. Since 1949, vinyl plastics 
consumption has risen 100% ; 
alkyd resin paints 50% ; polyester 
plastics 400 %. Phthalic, as a basic 
raw material for these industries, 


need more 


isin ever-increasing demand. 
Increased phthalic consumption by 
Pittsburgh Coke and Chemical’s 
own Plasticizer Division has also 
been a major factor in the com- 
pany’s planning. 

As a result of its long chemical 
experience, Lummus is well 








For Pittsburgh Coke & Chemical 





Artist's conception of expanded facilities. 


equipped to carry out this project 
for the manufacture of phthalic. 
The new facilities will incorporate 
many improvements in production 
efficiency and product purity. 
Other current chemical projects 
at Lummus include ammonia and 
ammonia products installations, 
a vinyl acetate unit and acetylene 





derivatives facilities. And our 
books show hundreds of completed 
plants for a wide range of | 
products from ethylene through | 
butadiene. 


When you plan your next plant, 
call on Lummus—designing engi- 
neers for the 
petroleum and chemical industries. 

The Lummus Company, 385 
Madison Avenue, New York 17, 
N.Y. Engineering and Sales 
Offices: New York, Houston, 
Montreal, London, The 
Hague, Bombay. Sales Offices: 
Chicago, Caracas. Heat Exchanger 
Plant: Honesdale, Pennsylvania. 
Fabricated Piping Plant: East 
Chicago, Indiana. 


and constructors 
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Would you like to be able to take any one 

of your manually-driven oscillators off the shelf and 

convert it to a sweep device, as the need arises? The instrument is 

now available which permits you to do this. One instrument, G-R’s 

Type 1750-A Sweep Drive, makes it possible for you to have as many 
sweep generators as you have hand-operated oscillators. 

The Sweep Drive readily attaches to a wide variety of shafts, 
knobs or dials for automatic mechanical sweeping of a wide variety 
of equipment. Sweep Arc, Speed and Center Position are all con- 
tinuously variable, even while the Drive is in motion. 

While the display of amplitude-frequency characteristics on an 
oscilloscope has proven an important use for the Sweep Drive op- 
erating a signal source, this versatile device is not by any means 
limited to this application. The Drive can be used to turn shafts auto- 
matically for almost any purpose . . . for driving a receiver or analyzer 
to obtain panoramic response . . . to open or close a shutter or switch 
. .. to modulate light, sound or heat. 

The uses for this instrument in engineering or production-test 
department are countless. The wide variety of data which can be 
conveniently displayed on a CRO as a continuous function of an in- 
dependent variable, makes the Sweep Drive an invaluable time saver 
for the engineer. 


Used in combination with G-R’s popular line of 
Unit Oscillators, the Sweep Drive makes available 
sweep generators for the frequency ranges: 500 ke 
to 50 Mc, 50 Mc to 250 Mc, 65 Mc to 500 Mc, 250 
Mc to 920 Mc, or 900 Mc to 2000 Mc. The device 
can be coupled to either the generator, slow-motion 
drive for sweeping over small ranges or coupled di- 
rectly to the main shaft to take advantage of the 
extremely wide frequency ranges of G-R Unit 
Oscillators. 


G-R Type 1750-A Sweep Drive 


Wide Range of Speeds — 0.5 to 5 cps, re- 
ciprocating motion. 

Sweep Arc — adjustable from 30° to 300° 
Center-Position of Sweep Arc — adjustable 
to any position; on reduction drives, may 
be set to any point within eight full turns — 
is not affected by arc of sweep. 

Universal Coupling System — four adjustable 
spider-like arms readily attach to knobs 
and dials, 1” to 4” diameter and shafts 4" 
and %" — shaft height also adjustable. 
Limit-Switch Cirevit — disconnects and 
brakes the motor if nreset limits of shaft 
travel are accidentally exceeded. 

CRO Deflection Circuit — provides a voltage 
proportional to shaft angle for application 
to the horizontal deflection plates of an os- 
cilloscope. 

Blanking Circvit — eliminates the return 
CRO trace and produces a reference base 
line. 

Rated Maximum Torque — 24 0z.-in. 
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